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Leu Ala Trp Asp Thr Ser Pro Arg Asn Val Phe Gly Gly Gly Thr Lys 
225 230 235 240 

Leu Thr Val Leu Gly Ala Ala Ala His His His His His His Gly Ala 
245 250 255 

Ala Glu Gin Lys Leu 
260 



<210> SEQ ID NO 7 

<211> LENGTH: 20 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 7 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 
15 10 15 

Ser Thr Ser Gly 
20 



<210> SEQ ID NO 8 

<211> LENGTH: 15 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 8 

lie Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser 
15 10 15 



<210> SEQ ID NO 9 
<211> LENGTH: 19 
<212> TYPE: PRT 

<213> ORGANISM: Streptomyces cinnamoneus 
<220> FEATURE: 

<221> NAME /KEY: MISCFEATURE 

<222> LOCATION: '(11).. (18) 

<223> OTHER INFORMATION: Xaa = Abu 

<4 00> SEQUENCE : 9 

Ala Lys Gin Ala Ala Ala Phe Gly Pro Phe Xaa Phe Val Ala Asp Gly 
15 10 15 

Asn Xaa Lys 



What is claimed is; 

1. A phosphatidylethanolarnine binding peptide conjugate, 
comprising a phosphatidylethanolarnine (PE) binding pep- 
tide (PE-binding peptide) operatively attached to at least a 50 
first anti-viral agent; wherein said PE-binding peptide is a 
kininogen, a cinnamycin peptide or a duramycin peptide. 

2. The PE-binding peptide conjugate of claim 1, wherein 
said at least a first anti-viral agent is cidofovir. 

3. The PE-binding peptide conjugate of claim 1, wherein 55 
said PE-binding peptide is a cinnamycin peptide. 

4. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide is a duramycin peptide. 

5. "Hie PE-binding peptide conjugate of claim 1, wherein 
said at least a first anti -viral agent is a nucleoside. 60 

6. The PE-binding peptide conjugate of claim 1, wherein 
said at least a first anti-viral agent is a reverse transcriptase 
inhibitor. 

7. The PE-binding peptide conjugate of claim 1, wherein 
said at least a first anti-viral agent is a protease inhibitor. 65 

8. The PE-binding peptide conjugate of claim 1, wherein 
said at least a first anti-viral agent is acyclovir, penciclovir 



(famciclovir), gancyclovir (ganciclovir), deoxyguanosine, 
foscarnet, idoxuridine, trifluorothymidine, vidarabine, 
sorivudine, zidovudine, didanosine, zalcitabine, lamivudine, 
stavudine, abacavir, multinucleoside resistance A, multi- 
nucleoside resistance B, nevirapine, delavirdine, efavirenz, 
adefovirdipivoxil, indinavir, ritonavir, saquinavir, nelfinavir, 
amprenavir, deoxycytosine triphosphate, lamivudine triphos- 
phate, emticitabine triphosphate, adefovir diphosphate, pen- 
ciclovir triphosphate, lobucavir triphosphate, amantadine, 
rimantadine, zanamivir or oseltamivir. 

9. The PE-binding peptide conjugate of claim 1, wherein 
said at least a first anti-viral agent is AZT. 

10. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide is operatively attached to said at least 
a first anti-viral agent via a biologically releasable bond or 
selectively cleavable linker. 

11. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide conjugate is comprised in a pharma- 
ceutically acceptable composition. 
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12. The PE-binding peptide conjugate of claim 1 1, wherein 
said pharmaceutical^ acceptable composition is formulated 
for intravenous administration. 

13 . The PE-binding peptide conjugateof claim 11, wherein 
said pharmaceutical^ acceptable composition is formulated 5 
for administration as an aerosol. 

14. The PE-binding peptide conjugate of claim 11, wherein 
said pharmaceutical^ acceptable composition further com- 
prises at least a second anti-viral agent. 

15. A composition comprising a biologically effective ™ 
amount of a PE-binding peptide conjugate that comprises a 
PE-binding peptide operatively attached to at least a first 
anti-viral agent; wherein said PE-binding peptide is a kinino- 
gen, a cinnamycin peptide or a duramycin peptide. 

16. A pharmaceutical composition comprising a pharma- 15 
ceutically acceptable carrier and a therapeutically effective 
amount of a PE-binding peptide conjugate that comprises a 
PE-binding peptide operatively attached to at least a first 
anti-viral agent; wherein said PE-binding peptide is a kinino- 
gen, a cinnamycin peptide or a duramycin peptide. 20 

17. The pharmaceutical composition of claim 16, wherein 
said composition further comprises at least a second anti- viral 
agent. 

18. A kit comprising, in at least a first container, a com- 
bined effective amount of a PE-binding peptide conjugate 25 
that comprises a PE-binding peptide operatively attached to 
an anti-viral agent, and at least a second, distinct anti-viral 
agent; wherein said PE-binding peptide is a kininogen. a 
cinnamycin peptide or a duramycin peptide. 

19. The kit of claim 18, wherein said at least a second, 30 
distinct anti-viral agent is a nucleoside reverse transcriptase 
inhibitor, a non-nucleoside reverse transcriptase inhibitor or a 
protease inhibitor. 

20. The kit of claim 18, wherein said PE-binding peptide 
conjugate and said at least a second, distinct anti-viral agent 35 
are comprised within a single container. 

21. The kit of claim 18, wherein said PE-binding peptide 
conjugate and said at least a second, distinct anti-viral agent 
are comprised within distinct containers . 

22. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide is covalently linked to said at least a 
first anti-viral agent. 

23. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide is conjugated to said at least a first ^ 
anti-viral agent. 

24. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide conjugate is a recombinant fusion 
protein. 

25. The PE-binding peptide conjugate of claim 1, wherein 50 
said PE-binding peptide is operatively attached to said at least 

a first anti-viral agent via an avidimbiotin bridge. 

26. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide is operatively attached to said at least 

a first anti-viral agent via a cross-linker or peptide spacer. 55 

27. The PE-binding peptide conjugate of claim 1, wherein 
said PE-binding peptide is a kininogen. 

28. A phosphatidylethanolamine binding peptide conju- 
gate, comprising a phosphatidylethanolamine (PE) binding 
peptide (PE-binding peptide) operatively attached to at least a 60 
first anti-viral agent; wherein said PE-binding peptide is a 
kininogen. 

29. The PE-binding peptide conjugate of claim 28, wherein 
said at least a first anti-viral agent is AZT or cidofovir. 

30 . The PE-binding peptide conjugate of claim 29, wherein 65 
said at least a first anti-viral agent is a nucleoside reverse 
transcriptase inhibitor. 
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31. The PE-binding peptide conjugate of claim 29, wherein 
said at least a first anti-viral agent is a non-nucleoside reverse 
transcriptase inhibitor. 

32. The PE-binding peptide conjugate of claim 28, wherein 
said at least a first anti-viral agent is a protease inhibitor. 

33. A composition comprising a biologically effective 
amount of a PE-binding peptide conjugate that comprises a 
PE-binding peptide operatively attached to at least a first 
anti-viral agent; wherein said PE-binding peptide is a kinino- 
gen. 

34. A pharmaceutical composition comprising a pharma- 
ceutically acceptable carrier and a therapeutically effective 
amount of a PE-binding peptide conjugate that comprises a 
PE-binding peptide operatively attached to at least a first 
anti- viral agent; wherein said PE-binding peptide is a kinino- 
gen. 

35. A kit comprising, in at least a first container, a com- 
bined effective amount of a PE-binding peptide conjugate 
that comprises a PE-binding peptide operatively attached to 
an anti-viral agent, and at least a second, distinct anti-viral 
agent; wherein said PE-binding peptide is a kininogen. 

36. A phosphatidylethanolamine binding peptide conju- 
gate, comprising a phosphatidylethanolamine (PE) binding 
peptide (PE-binding peptide) operatively attached to at least a 
first anti-viral agent; wherein said PE-binding peptide is a 
cinnamycin peptide or a duramycin peptide. 

37. The PE-binding peptide conjugate of claim 36, wherein 
said PE-binding peptide is a cinnamycin peptide. 

38. The PE-binding peptide conjugate of claim 36, wherein 
said PE-binding peptide is a duramycin peptide. 

39. The PE-binding peptide conjugate of claim 36, wherein 
said at least a first anti-viral agent is a nucleoside reverse 
transcriptase inhibitor, a non-nucleoside reverse transcriptase 
inhibitor or a protease inhibitor. 

40. A composition comprising a biologically effective 
amount of a PE-binding peptide conjugate that comprises a 
PE-binding peptide operatively attached to at least a first 
anti-viral agent; wherein said PE-binding peptide is a cinna- 
mycin peptide or a duramycin peptide. 

41. A pharmaceutical composition comprising a pharma- 
ceutically acceptable carrier and a therapeutically effective 
amount of a PE-binding peptide conjugate that comprises a 
PE-binding peptide operatively attached to at least a first 
anti-viral agent; wherein said PE-binding peptide is a cinna- 
mycin peptide or a duramycin peptide. 

42. A kit comprising, in at least a first container, a com- 
bined effective amount of a PE-binding peptide conjugate 
that comprises a PE-binding peptide operatively attached to 
an anti-viral agent, and at least a second, distinct anti-viral 
agent; wherein said PE-binding peptide is a cinnamycin pep- 
tide or a duramycin peptide. 

43. A phosphatidylethanolamine binding peptide conju- 
gate, comprising a phosphatidylethanolamine (PE) binding 
peptide (PE-binding peptide) attached to at least a first anti- 
viral agent; wherein said PE-binding peptide is a cinnamycin 
peptide or a duramycin peptide and wherein said PE-binding 
peptide is attached to said at least a first anti-viral agent via a 
covalent linkage, conjugation, preparation as a recombinant 
fusion protein, an avidimbiotin bridge, a cross-linker, peptide 
spacer, a biologically releasable bond or selectively cleavable 
linker. 

44. The PE-binding peptide conjugate of claim 43, wherein 
said PE-binding peptide is a cinnamycin peptide. 

45. The PE-binding peptide conjugate of claim 43, wherein 
said PE-binding peptide is a duramycin peptide. 

46. The PE-binding peptide conjugate of claim 43, wherein 
said at least a first anti-viral agent is a nucleoside reverse 



US 7,511,124 B2 
231 232 

transcriptase inhibitor, a non-nucleoside reverse transcriptase tide or a duramycin peptide and wherein said PE-binding 
inhibitor or a protease inhibitor. peptide is attached to said at least a first anti-viral agent via a 

47. A composition comprising a biologically effective «> valent linkage, conjugation, preparation as a recombinant 



amount of a PE-binding peptide conjugate that comprises i 



fusion protein, an avidimbiotin bridge, a cross-linker, peptide 



PE-binding peptide operatively attached to at least a first 5 spacer, a biologically releasable bond or selectively cleavable 

anti-viral agent; wherein said PE-binding peptide is a cinna- „„,... ., . . , . , 

mycin peptide or a duramycin peptide and wherein said PE- SO^e PE-bmdmgpept.de conjugate of clam 36, wherem 

binding peptide is attached to said at least a first anti-viral said PE-binchng peptide conjugate is compnsedm a pharma- 



agent via a covalent linkage, conjugation, preparation as a 
recombinant fusion protein, an avidimbiotin bridge, a cross 



ceutically acceptable composition, 
10 51. The PE-bindingpeptide conjugate of claim 50, wherein 



linker.peptidespacer,abiologicallyreieasablebondorselec. said pharmaceutically acceptable composition is formulated 

tively cleavable linker. for mtravenous administration. 

J A . ' .. . . . 52.ThePE-bindingpeptideconjugateofclaim50, wherein 

48. A pharmaceutical composition composing a pharma- ^ j^^^^^we composition is formulated 
ceutically acceptable earner and a therapeutically effective js for ^ Mon as m aeroso]> 

amount of a PE-binding peptide conjugate that comprises a PE-binding peptide conjugate ofclaim 50, wherein 

PE-binding peptide operative^ attached to at least a first said phamaceutican 7 ac F ceptabIe comp0 sition further com- 
anti-viral agent; wherein said Pb-binding peptide is a cinna- 
mycin peptide or a duramycin peptide and wherein said PE- 
binding peptide is attached to said at least a first anti-viral 

agent via a covalent linkage, conjugation, preparation as a _ w 

recombinant fusion protein an avidin:biotin bridge, a cross- s 55 ^ ^ of ^ ^ pE . bindi tide 

hnker,peptides P acer,abiologicallv conjugate and said at least a second, distinct anti-viral agent 

tively cleavable linker. ^ wimin a single con{ainer , 

49. A kit comprising, in at least a first container, a com- 25 56 ^ ldt 0 f claim 42, wherein said PE-binding peptide 
bined effective amount of a PE-binding peptide conjugate conjugate and said at least a second, distinct anti-viral agent 
that comprises a PE-binding peptide operatively attached to are comprised within distinct containers. 

an anti-viral agent, and at least a second, distinct anti-viral 

agent; wherein said PE-binding peptide is a cinnamycin pep- ***** 



prises at least a second anti-viral agent. 

54. The pharmaceutical composition of claim 41, wherein 
said composition further comprises at least a second anti-viral 
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ABSTRACT 



A composition for delivery of superoxide dismutase to neu- 
ronal cells comprise a superoxide dismutase linked by a linker 
to a neuronal cell targeting component, which component 
comprises a first domain that binds to a neuronal cell and a 
second domain that translocates the superoxide dimutase into 
the neuronal cell. After translocation, the linker is cleaved to 
release superoxide dimutase from the neuronal cell targeting 
domain. Also described is use of the composition for treat- 
ment of oxidative damage to neuronal cells and farther tar- 
geting of the composition using human mitochondrial leader 
sequences. A hybrid polypeptide is described that contains a 
bacterial superoxide dismutase plus a sequence that targets a 
human mitochondira. 
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His Ala Tyr Tyr Leu Lys Tyr Gin Asn Arg Arg Pro Glu Tyr He Ala 
195 200 205 

Ala Phe Trp Asn Val Val Asn Trp Asp Glu Val Ala Lys Arg Tyr Ser 
210 215 220 

Glu Ala Lys Ala Lys 
225 



<210> SEQ ID NO 10 
<211> LENGTH: 24 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Modified human mitocondrial leader sequence 
<4 00> SEQUENCE: 10 

Met Leu Ser Arg Ala Val Ser Gly Thr Ser Arg Gin Leu Ala Pro Ala 
15 10 15 

Leu Gly Tyr Leu Gly Ser Arg Gin 
20 



<210> SEQ ID NO 11 
<211> LENGTH: 24 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Modified human mitochondrial leader sequence 
<400> SEQUENCE: 11 

Met Leu Ser Arg Ala Val Cys Gly Thr Ser Arg Gin Leu Ala Pro Ala 
15 10 15 

Leu Gly Tyr Leu Gly Ser Arg Gin 
20 



The invention claimed is: 

1. A conjugate for delivery of superoxide dismutase (SOD) 
to a mitochondrion in a neuronal cell, comprising: 

(i) SOD and a leader sequence, wherein said leader 
sequence targets the SOD to said mitochondrion; and 

(ii) a neuronal cell targeting component, 

wherein said neuronal cell targeting component is linked 
to the SOD by a cleavable linker selected from the 
group consisting of (a) a disulfide bridge, and (b) a site 
for a protease found in neuronal cells, 

and wherein said neuronal targeting component com- 
prises a first domain that binds to a neuronal cell, 
wherein said first domain comprises a clostridial neu- 



rotoxin cell binding domain, and a clostridial neuro- 
toxin translocation domain that translocates the SOD 
into said neuronal cell. 

2. The conjugate of claim 1, wherein the first domain 
comprises a H c fragment of a clostridial neurotoxin H-chain. 

3. The conjugate of claim 1, wherein the clostridial neuro- 
toxin translocation domain comprises a H iV fragment of a 
clostridial neurotoxin H-chain. 

4. The conjugate of claim 1, wherein the SOD is Mn-SOD. 

5. The conjugate of claim 1, wherein the leader sequence 
that targets the SOD to the mitochondrion is derived from 
human Mn-SOD. 

***** 



EXHIBIT D 



EXHIBIT D 



Illllllll 



US007455833B2 



(12) United States Patent 

Thorpe et al. 



(io) Patent No.: US 7,455,833 B2 
(45) Date of Patent: Nov. 25, 2008 



(54) METHODS AND COMPOSITIONS FOR 
TREATING VIRAL INFECTIONS USING 
ANTIBODIES AND IMMUNOCONJUGATES 
TO AMINOPHOSPHOLIPIDS 

(75) Inventors: Philip E. Thorpe, Dallas, TX (US); M. 

Melina Soares, Richardson, TX (US); 
Sophia Ran, Riverton, IL (US) 

(73) Assignee: Board of Regents, The University of 
Texas System, Austin, TX (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C, 154(b) by 0 days. 

(21) Appl.No.: 10/642,120 

(22) Filed: Aug. 15, 2003 

(65) Prior Publication Data 

US 2004/0131610 Al Jul. 8, 2004 

Related U.S. Application Data 

(63) Continuation-in-part of application No. 10/621,269, 
filed on Jul. 15,2003. 

(60) Provisional application No. 60/396,263, filed on Jul. 
15,2002. 

(51) Int. CI. 

A61K 39/00 (2006.01) 
A61K 38/00 (2006.01) 

(52) U.S.CI 424/130.1; 424/133.1; 424/141.1; 

424/178.1; 424/183.1; 514/2 

(58) Field of Classification Search 435/326, 

435/337; 424/133.1, 141.1, 152.1, 172.1, 
424/174.1,277.1; 514/2; 530/387.1 
See application file for complete search history, 

(56) References Cited 

U.S. PATENT DOCUMENTS 



4,199,574 A 4/1980 Schaeffer 424/200 

4,287,188 A 9/1981 Schaeffer 424/200 

4,665,062 A 5/1987 Eriksson etal 514/120 

4,771,041 A 9/1988 Eriksson etal 514/120 

5,512,596 A 4/1996 Kim etal 514/568 

6,300,308 Bl 10/2001 Schroit 514/8 

6,312,694 Bl 11/2001 Thorpeetal 424/178.1 

6,406,693 Bl 6/2002 Thorpeetal 424/130.1 

6,486,166 Bl 11/2002 Albrechtetal 514/261 

6,783,760 Bl 8/2004 Thorpeetal 424/178.1 

6,806,354 B2 10/2004 Schroit 530/387.1 

6,818,213 Bl 11/2004 Thorpeetal 424/130.1 

7,067,109 Bl 6/2006 Thorpeetal 424/1.49 

2002/0025319 Al 2/2002 Brams 424/178.1 

2003/0004097 Al 1/2003 Schroit 514/7 



FOREIGN PATENT DOCUMENTS 

WO WO 00/02584 1/2000 

WO WO 00/02587 1/2000 

WO WO 01/03735 1/2001 



WO WO 01/68709 9/2001 

OTHER PUBLICATIONS 

Ran etal (Clinical Cancer Research, 2005, 11:1551-1562, IDS).* 
Luster et al (J of Biological Chemistry, 2006, IDS).* 
Janeway et al (Irnmunobiology, 2001, 5th Ed., Garland Publishing, 
New York).* 

Gait and Kara (TIBTECH, 1995, 13:430-438).* 
Sidwell etal (Antiviral Research, 2000, 48:1-16, IDS).* 
Borda et al (American J of Pathology, 2004, 165:211 1-2122).* 
Locarnmi et al (J of Gastroenterology and Hepatology, 2004, 
19:S322-S328)* 

Aggarawal et al (BMJ, 2004, 329:1080-1086).* 
DePalma (New York Academy of Sciences, "Looking inside the 
black box/Biological Pathways and Drug Discovery", 2006, p. 1-3).* 
Rote et al (Clinical Immunology and Immunopathology, 1993, 
66:193-200, IDS).* 

Luster et al (J Biological Chemistry, 2006, 281:29863-71, IDS).* 

Bevers et al (Clinical Immunology, 2004, 1 12:150-160).* 

Grubman (Biologicals, 2005, 33:227-234).* 

Ford et al., "The Intracellular Pharmacology of Antiretroviral 

Protease Inhibitors", J. Antimicrobial Chemotherapy, 54:982-990, 

2004. 

Peter and Gambertoglio, "Intracellular Phosphorylation of 
Zidovudine (ZDV) and Other Nucleoside Reverse Transcriptase 
Inhibitors (RTI) Used for Human Immunodeficiency Virus (HIV) 
Infection", Pharmaceutical Res., 15(6):819-825, 1998. 
Rodriguez et al., "Intracellular Studies of the Nucleoside Reverse 
Transcriptase Inhibitor Active Metabolites: a Review", Biochemistry, 
19(1): 19-27, 2000. 

Horkko et a!., "Antiphospholipid Antibodies are Directed against 
Epitopes of Oxidized Phospholipids", J. Clin. Invest., 98(3):8i 5-825, 
1996. 

Kennedy, "Prevention of Carcinogenesis by Protease Inhibitors", 
Cancer Res. (Suppl.), 54:1999s-2005s, 1994. 
Loffler and Labbe, "intracellular Proteases During Sporulation and 
Enterotoxin Formation by Clostridium perfringens Type A", Curr. 
Microbiol., 8:187-190, 1983. 

Pati et al., "Antitumorigenic Effects of HIV Protease Inhibitor 
Ritonavir: IrihibitionofKaposiSarcoma",5/c>a/,99(10):3771-3779, 
2002. 

Bevers et al., "Changes in Membrane Phospholipid Distribution Dur- 
ing Platelet Activation", Biochim. Biophys. Acta., 736:57-66, 1983. 
Bitbol et al., "Ion Regulation of Phosphatidylserine and 
Phosphatidylethanolamine Outside-Inside Translocationin Human 
Erythrocytes", Biochem. Biophys. Acta., 904(2): 268-282, 1987. 
Hashimoto et al., "Antibody-Dependent Cell Mediated Cytotoxicity 
Against Influenza Virus-Infected Cells",/. Infect, Dis., 148:785, 
1983. 

(Continued) 

Primary Examiner — Larry R. Helms 

Assistant Examiner — Laura B Goddard 

(74) Attorney, Agent, or Firm— SheMey P. M. Fussey 

(57) ABSTRACT 

Disclosed are surprising discoveries concerning the role of 
anionic phospholipids and aminophospholipids in tumor vas- 
culature and in viral entry and spread, and compositions and 
methods for utilizing these findings in the treatment of cancer 
and viral infections. Also disclosed are advantageous anti- 
body, immunoconjugate and duramycin-based compositions 
and combinations that bind and inhibit anionic phospholipids 
and aminophospholipids, for use in the safe and effective 
treatment of cancer, viral infections and related diseases. 
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Ser Thr Ser Gly 
20 



<210> SEQ ID NO 8 

<211> LENGTH: 15 

<212> TYPE: PRT 

<213> ORGANISM ; Homo sapiens 

<400> SEQUENCE; 8 

lie Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser 
15 10 15 



<210> SEQ ID NO 9 
<211> LENGTH: 19 
<212> TYPE: PRT 

<213> ORGANISM: Streptomyces cinnamoneus 
<220> FEATURE: 

<221> NAME /KEY : MISCJPEATURE 

<222> LOCATION: (11} . . (18) 

<223> OTHER INFORMATION: Xaa = Abu 

<400> SEQUENCE : 9 

Ala Lys Gin Ala Ala Ala Phe Gly Pro Phe Xaa Phe Val Ala Asp Gly 
15 10 15 

Asn Xaa Lys 



What is claimed is: 

1. A method of inhibiting virus replication or spread to 
additional host cells or tissues, comprising contacting a mam- 
malian cell with an antibody, or antigen-binding fragment 
thereof, that binds to an aminophospholipid in the absence of 
serum and serum proteins, in an amount effective to inhibit 
virus replication in said cell or to inhibit spread to additional 
host cells or tissues from said cell. 

2. The method of claim 1, wherein said antibody is a 
monoclonal antibody or antigen-binding fragment thereof. 

3. The method of claim 1, wherein said antibody is an IgG 
antibody or antigen-binding fragment thereof. 

4. The method of claim 1, wherein said antibody is an 
antigen-binding fragment of an antibody. 

5. The method of claim 4, wherein said antibody is an scFv, 
Fv, Fab', Fab, diabody, linear antibody, F(ab% antigen-bind- 
ing fragment of an antibody or a univalent fragment, camel- 
ized or single domain antibody, 

6. The method of claim 1, wherein said antibody is a 
human, humanized or part-human antibody or an antigen- 
binding fragment thereof. 

7. The method of claim 1, wherein said antibody is a 
chimeric, bispecinc, recombinant or engineered antibody, or 
an antigen-binding fragment thereof, 

8. The method of claim 1, wherein said antibody, or anti- 
gen-binding fragment thereof, binds to phosphatidylethano- 
lamine. 

9. The method of claim 1, wherein said antibody, or anti- 
gen-binding fragment thereof, binds to phosphatidylserine. 

10. The method of claim 1, wherein said virus is a virus 
from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- 
omyxoviridae, Paramyxoviridae, Poxviridae, Retroviridae or 
Rhabdoviridae family. 

11. The method of claim 1, wherein said virus is a virus 
from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- 
omyxoviridae, Retroviridae or Rhabdoviridae family. 



30 12. The method of claim 1, wherein said cell is a mouse 
cell. 

13. The method of claim 1, wherein said cell is a human 
cell 

14. The method of claim 1, wherein said virus is a hepatitis, 
35 influenza, HIV, herpes, paramyxovirus, poxvirus, rhabdovi- 

rus or arenavirus. 

15. The method of claim 1, wherein said method inhibits 
virus replication. 

16. The method of claim 1, wherein said method inhibits 
40 virus spread to additional host cells or tissues. 

17. The method of claim 1, wherein said cell is located 
within a mammal and said antibody, or antigen-binding frag- 
ment thereof is administered to said mammal. 

18. The method of claim 17, wherein said mammal is a 
45 human patient. 

19. A method for treating a mammal with a viral infection, 
comprising administering to said mammal a pharmaceutical 
composition comprising an antibody, or antigen-binding 

5o fragment thereof, that binds to an aminophospholipid in the 
absence of serum and serum proteins, in an amount effective 
to inhibit viral replication or spread in said mammal, thereby 
treating said viral infection. 

20. The method of claim 19, wherein said pharmaceutical 
55 composition is administered to said mammal intravenously. 

21 . The method of claim 19, wherein said pharmaceutical 
composition is administered to said mammal as an aerosol. 

22. The method of claim 19, wherein said mammal has, or 
is at risk for developing, hepatitis, influenza, AIDS, viral 

60 pneumonia or respiratory disease, smallpox, CMV mono- 
nucleosis or Lass a fever. 

23. The method of claim 19, wherein at least a second, 
distinct anti -viral agent is administered to said mammal 

24. The method of claim 23, wherein said at least a second, 
65 distinct anti-viral agent is a nucleoside reverse transcriptase 

inhibitor, a non-nucleoside reverse transcriptase inhibitor or a 
protease inhibitor. 
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25. The method of claim 19, wherein said mammal is a composition comprising an antibody, or antigen-binding 
human patient. fragment thereof, in an amount effective to inhibit viral rep- 

26. The method of claim 23, wherein said at least a second, lication or spread in said mammal, thereby treating said viral 
distinct anti-viral agent is cidofovir, acyclovir, penciclovir infection; wherein said antibody, or antigen-binding frag- 
(famciclovir), gancyclovir (ganciclovir), deoxyguanosine, 5 ment thereof, binds to an aminophospholipid and does not 
foscamet, idoxuridine, trifluorothymidine, vidarabine, require serum or a serum protein to bind to said aminophos- 
sorivudine, zidovudine, didanosine, zalcitabine, lamivudine, pholipid. 

stavudine, abacavir, multinucleoside resistance A, multi- 40. The method ofclaim 39, wherein said viral infection is 

nucleoside resistance B, nevirapine, delavirdine, efavirenz, an infection with a virus from the Orthomyxoviridae, Pox- 

adefovir dipivoxil, indinavir, ritonavir, saquinavir, nelfinavir, 10 viridae, Arenaviridae, Paramyxoviridae, Flaviviridae, Retro- 

amprenavir, hydroxyurea, deoxycytosine triphosphate, lami- viridae, Rhabdoviridae or Herpesviridae family, 

vudine triphosphate, emticitabine triphosphate, adefovir 41. The method of claim 39. wherein said mammal is a 

diphosphate, penciclovir triphosphate, lobucavir triphos- human patient 

phate, interferon alpha, ribavirin, amantadine, rimantadine, ^ ^ of ^ J9 wherein said 

zanamivir or oseltamivir. 15 , „ . , . _ . . . ' , 

27. The method ofclaim 19, wherein said ^ viral mfec * Ion « an infection with a virus from the 
(d) viral infection is an infection with a virus from the Arenaviridae, Flaviviridae Herpesviridae, Orthomyx- 

Arenaviridae, Flaviviridae, Herpesviridae, Orthomyx- oviridae, Retrovindae or Rhabdovindae family, 

oviridae, Paramyxoviridae, Poxviridae, Retroviridae or 43. A method of inhibiting virus replication or spread to 

Rhabdoviridae family. 20 additional host cells or tissues, comprising contacting a mam- 

28. The method ofclaim 27, wherein said viral infection is malian cell with an immunoconjugate that comprises at least 
an infection with a virus from the Arenaviridae, Flaviviridae, a first anti-viral agent operatively attached to an antibody, or 
Herpesviridae, Orthomyxoviridae, Retroviridae or Rhab- antigen-binding fragment thereof, that binds to an amino- 
doviridae family. phospholipid in the absence of serum and serum proteins, in 

29. A method of inhibiting virus replication or spread, 25 an amount effective to inhibit virus replication in said cell or 
comprising contacting a population of mammalian cells with t0 inhibit spread to additional host cells or tissues from said 
an antibody, or antigen-binding fragment thereof, that binds ce ^* 

to an aminophospholipid in the absence of serum and serum 44. The method of claim 43, wherein said virus is a virus 

proteins, in an amount effective to inhibit virus replication or from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- 

spread in said population of cells. 30 omyxoviridae, Paramyxoviridae, Poxviridae, Retroviridae or 

30. The method of claim 29, wherein said population of Rhabdoviridae family. 

cells is located within a mammal and said antibody, or anti- 45, The method ofclaim 43, wherein said 

gen-binding fragment thereof is administered to said mam- (d) vim£J [s fl ^ fiQm ^ HavivWdae , 

m \\ -ru . 1 j f 1 • *> n i_ • 1 , . Herpesviridae, Orthomyxoviridae, Retroviridae or 

human pa^nt m * * * ^doviridae family. 

32. The method ofclaim 29, wherein said 46 ' A method of virus replication or spread, 

(d) virus is a virus from the Arenaviridae, Flaviviridae, ™™V™™B contacting a population of mammalian cells with 



Herpesviridae, Orthomyxoviridae, Paramyxoviridae, 



an immunoconjugate that comprises at least a first anti-viral 



Poxviridae, Retroviridae or Rhabdoviridae family. 40 a S ent °PO*ively attached to an antibody, or antigen-binding 

33. The method ofclaim 32, wherein said virus is a virus fra S ment thereof ' ±ai bmds t0 an aminophospholipid m the 
from the Arenaviridae. Flaviviridae, Herpesviridae, Orth- absence of serum and serum P™^ 8 ' in an effective 
omyxoviridae, Retroviridae or Rhabdoviridae family. to inhibit virus replication or spread in said population of 

34. A method of inhibiting virus replication or spread, 

comprising contacting a population of mammalian cells with 45 47. The method of claim 46, wherein said virus is a virus 

an antibody, or antigen-binding fragment thereof, in an from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- 

amount effective to inhibit virus replication or spread in said omyxoviridae, Paramyxoviridae, Poxviridae, Retroviridae or 

population of cells ; wherein said antibody, or antigen-binding Rhabdoviridae family. 

fragment thereof, binds to an aminophospholipid and does 48. The method of claim 46, wherein said 

not require serum or a serum protein to bind to said amino- so (d) virus is a virus from the Arenaviridae, Flaviviridae, 

phospholipid. Herpesviridae, Orthomyxoviridae, Retroviridae or 

35. The method of claim 34, wherein said virus is a virus Rhabdoviridae family, 
from the Orthomyxoviridae, Poxviridae, Arenaviridae, 
Paramyxoviridae, Flaviviridae, Retroviridae, Rhabdoviridae 
or Herpesviridae family. 55 

36. The method of claim 34, wherein said population of 
cells is located within a mammal and said antibody, or anti- 50 ' ^ method of chm 46 > wherein said P^^tion of 
gen-binding fragment thereof, is administered to said mam- ceIIs 18 located Wlthin a numan P atient md said immunocon- 
ma j jugate is administered to said human patient. 

37. The method of claim 36, wherein said mammal is a 60 51 • The method of claim 46, wherein said at least a first 
human patient. anti-viral agent is a nucleoside, a nucleoside reverse tran- 

38. The method ofclaim 34, wherein said scriptase inhibitor, a non-nucleoside reverse transcriptase 
(d) wherein said virus is a virus from the Arenaviridae, inhibitor or a protease inhibitor. 

Flaviviridae, Herpesviridae, Orthomyxoviridae, Retro- 52. The method of claim 46, wherein said antibody, or 

viridae or Rhabdoviridae family. 65 antigen-binding fragment thereof, is operatively attached to 

39. A method for treating a mammal with a viral infection, said at least a first anti-viral agent via a biologically releasable 
comprising administering to said mammal a pharmaceutical bond or selectively cleavable linker. 



49. The method of claim 46, wherein said population of 
cells is located within a mammal and said immunoconjugate 
is administered to said mammal. 
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53. The method of claim 46, wherein said antibody is a 
human, humanized, part-human, chimeric, bispecific, recom- 
binant or engineered antibody, or an antigen-binding frag- 
ment thereof. 

54. A method for treating a mammal with a viral infection, 5 
comprising admimstering to said mammal a pharmaceutical 
composition comprising an immunoconjugate that comprises 

at least a first anti -viral agent operatively attached to an anti- 
body, or antigen-binding fragment thereof, that binds to an 
aminophospholipid in the absence of serum and serum pro- 10 
teins, in an amount effective to inhibit viral replication or 
spread in said mammal, thereby treating said viral infection, 

55. The method of claim 54, wherein said virus is a virus 
from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- 
omyxoviridae, Paramyxoviridae, Poxviridae, Retroviridae or 15 
Rhabdoviridae family. 

56. The method of claim 54, wherein said 

(d) virus is a virus from the Arenaviridae, Flaviviridae, 
Herpesviridae, Orthomyxoviridae, Retroviridae or 
Rhabdoviridae family. 20 

57. The method of claim 54, wherein said antibody is a 
human, humanized, part-human, chimeric, bispecific, recom- 
binant or engineered antibody, or an antigen-binding frag- 
ment thereof. 

58. The method of claim 54, wherein said pharmaceutical 25 
composition is administered to said mammal intravenously, 

59. The method of claim 54, wherein said pharmaceutical 
composition is administered to said mammal as an aerosol. 

60. The method of claim 54, wherein said mammal has, or 

is at risk for developing, hepatitis, influenza, AIDS, viral 30 
pneumonia or respiratory disease, smallpox, CMV mono- 
nucleosis or Lassa fever. 

61. The method of claim 54, wherein at least a second, 
distinct anti-viral agent is administered to said mammal. 

62. The method of claim 61, wherein said at least a second, 35 
distinct anti-viral agent is a nucleoside reverse transcriptase 
inhibitor, a non-nucleoside reverse transcriptase inhibitor or a 
protease inhibitor. 

63. The method of claim 54, wherein said mammal is a 
human patient. 40 

64. The method of claim 54, wherein said at least a first 
anti-viral agent is a nucleoside, a nucleoside reverse tran- 
scriptase inhibitor, a non-nucleoside reverse transcriptase 
inhibitor or a protease inhibitor. 

65. The method of claim 54, wherein said antibody, or 45 
antigen-binding fragment thereof, is operatively attached to 
said at least a first anti-viral agent via a biologically releasable 
bond or selectively cleavable linker. 

66. A method of inhibiting virus replication or spread, 
comprising contacting a population of mammalian cells with 50 
an immunoconjugate that comprises at least a first anti-viral 
agent operatively attached to an antibody, or antigen-binding 
fragment thereof, in an amount effective to inhibit virus rep- 
lication or spread in said population of cells; wherein said 
antibody, or antigen-binding fragment thereof, binds to an 55 
aminophospholipid and does not require serum or a serum 
protein to bind to said aminophospholipid. 

67. The method of claim 66, wherein said 

(d) virus is a virus from the Arenaviridae, Flaviviridae, 
Herpesviridae, Orthomyxoviridae, Paramyxoviridae, 60 
Poxviridae, Retroviridae or Rhabdoviridae family. 

68. The method of claim 67, wherein said virus is a virus 
from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- 
omyxoviridae, Retroviridae or Rhabdoviridae family. 

69. The method of claim 67, wherein said population of 65 
cells is located within a mammal and said immunoconjugate 

is administered to said mammal. 
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70. The method of claim 66, wherein said population of 
cells is located within a human patient and said immunocon- 
jugate is administered to said human patient. 

71 . A method for treating a mammal with a viral infection, 
comprising administering to said mammal a pharmaceutical 
composition comprising an immunoconjugate that comprises 
at least a first anti-viral agent operatively attached to an anti- 
body, or antigen-binding fragment thereof in an amount 
effective to inhibit viral replication or spread in said mammal, 
thereby treating said viral infection; wherein said antibody, or 
antigen-binding fragment thereof, binds to an aminophos- 
pholipid and does not require serum or a serum protein to bind 
to said aminophospholipid. 

72. The method of claim 68, wherein said viral infection is 
an infection with a virus from the Arenaviridae, Flaviviridae, 
Herpesviridae, Orthomyxoviridae, Paramyxoviridae, Pox- 
viridae, Retroviridae or Rhabdoviridae family. 

73 . The method of claim 68, wherein said viral infection is 
an infection with a virus from the Arenaviridae, Flaviviridae, 
Herpesviridae, Orthomyxoviridae, Retroviridae or Rhab- 
doviridae family. 

74. The method of claim 71, wherein said mammal is a 
human patient. 

75. A composition comprising a first anti-viral agent, 
wherein said first anti-viral agent is an antibody, or antigen- 
binding fragment thereof, that binds to an aminophospholipid 
in the absence of serum and serum proteins; and at least a 
second, distinct anti-viral agent; wherein said second, distinct 
anti-viral agent is a nucleoside, a nucleoside reverse tran- 
scriptase inhibitor or a non-nucleoside reverse transcriptase 
inhibitor. 

76. The composition of claim 75, wherein said composi- 
tion further comprises a protease inhibitor, 

77. The composition of claim 75, wherein said composi- 
tion is a pharmaceutical composition. 

78. A pharmaceutical composition comprising a first anti- 
viral agent, wherein said first anti-viral agent is an antibody, 
or antigen-binding fragment thereof, that binds to an amino- 
phospholipid in the absence of serum and serum proteins; and 
at least a second, distinct anti-viral agent; wherein said sec- 
ond, distinct anti-viral agent is a nucleoside, a nucleoside 
reverse transcriptase inhibitor or a non-nucleoside reverse 
transcriptase inhibitor. 

79. The pharmaceutical composition of claim 78, wherein 
said composition further comprises a protease inhibitor. 

80. A kit comprising, in at least a first container, at least a 
first anti-viral agent, wherein said first anti-viral agent is an 
antibody, or antigen-binding fragment thereof that binds to an 
aminophospholipid in the absence of serum and serum pro- 
teins; and at least a second, distinct anti-viral agent; wherein 
said second, distinct anti-viral agent is a nucleoside, a nucleo- 
side reverse transcriptase inhibitor or a non-nucleoside 
reverse transcriptase inhibitor. 

81 . The kit of claim 80, wherein said antibody is a human, 
humanized, part-human, chimeric, bispecific, recombinant or 
engineered antibody, or an antigen-binding fragment thereof, 

82. The kit of claim 80, wherein said kit further comprises 
a protease inhibitor. 

83. The kit of claim 80, wherein at least one of said first 
anti-viral agent or said second, distinct anti-viral agent is 
formulated for intravenous administration. 

84. The kit of claim 80, wherein at least one of said first 
anti-viral agent or said second, distinct anti-viral agent is 
formulated for administration as an aerosol. 

85. The kit of claim 80, wherein said first anti-viral agent 
and said second, distinct anti-viral agent are comprised within 
a single container. 
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86. The kit of claim 80, wherein said first anti-viral agent 
and said second, distinct anti-viral agent are comprised within 
distinct containers. 

87. A kit comprising, in at least a first container, at least a 
first anti-viral agent, wherein said first anti-viral agent is an 5 
antibody, or antigen-binding fragment thereof, that binds to 
an aminophospholipid in the absence of serum and serum 
proteins; and at least a second, distinct anti-viral agent; 
wherein said second, distinct anti-viral agent is a nucleoside, 

a nucleoside reverse transcriptase inhibitor, a non-nucleoside 10 
reverse transcriptase inhibitor or a protease inhibitor; and 
wherein at least one of said first anti-viral agent or said sec- 
ond, distinct anti-viral agent is formulated for administration 
as an aerosol. 

88. A composition comprising a first anti-viral agent and at 15 
least a second, distinct anti-viral agent; wherein said first 
anti-viral agent is an antibody, or antigen-binding fragment 
thereof, that binds to an aminophospholipid and does not 
require serum or a serum protein to bind to said aminophos- 
pholipid; and wherein said at least a second, distinct anti-viral 20 
agent is a nucleoside, a nucleoside reverse transcriptase 
inhibitor or a non-nucleoside reverse transcriptase inhibitor. 

89. A pharmaceutical composition comprising a first anti- 
viral agent and at least a second, distinct anti-viral agent; 
wherein said first anti-viral agent is an antibody, or antigen- 25 
binding fragment thereof, that binds to an aminophospholipid 
and does not require serum or a serum protein to bind to said 
aminophospholipid; and wherein said at least a second, dis- 
tinct anti-viral agent is a nucleoside, a nucleoside reverse 
transcriptase inhibitor or a non-nucleoside reverse tran- 30 
scriptase inhibitor. 

90. A kit comprising, in at least a first container, at least a 
first anti-viral agent and at least a second, distinct anti-viral 
agent; wherein said first anti-viral agent is an antibody, or 
antigen-binding fragment thereof, that binds to an amino- 35 
phospholipid and does not require serum or a serum protein to 
bind to said aminophospholipid; and wherein said at least a 
second, distinct anti-viral agent is a nucleoside, a nucleoside 
reverse transcriptase inhibitor or a non-nucleoside reverse 
transcriptase inhibitor. 40 

91. An immunoconjugate comprising at least a first anti- 
viral agent operatively attached to an antibody, or antigen- 
binding fragment thereof, tat binds to an aminophospholipid 
in the absence of serum and serum proteins; wherein said at 
least a first anti-viral agent is a nucleoside, a nucleoside 45 
reverse transcriptase inhibitor, a non-nucleoside reverse tran- 
scriptase inhibitor or a protease inhibitor. 

92. The immunoconjugate of claim 91, wherein said anti- 
body is a human, humanized, part-human, chimeric, bispe- 
cific, recombinant or engineered antibody, or an antigen- 50 
binding fragment thereof. 

93. The immunoconjugate of claim 91, wherein said at 
least a first anti-viral agent is a nucleoside, a nucleoside 
reverse transcriptase inhibitor or a non-nucleoside reverse 
transcriptase inhibitor. 55 

94. The immunoconjugate of claim 91, wherein said anti- 
body, or antigen-binding fragment thereof, is operatively 
attached to said at least a first anti-viral agent via a biologi- 
cally releasable bond or selectively cleavable linker. 

95. The immunoconjugate of claim 91, wherein said 60 
immunoconjugate is comprised in a pharmaceutically accept- 
able composition. 

96. A composition comprising a biologically effective 
amount of an immunoconjugate that comprises at least a first 
anti -viral agent operatively attached to an antibody, or anti- 65 
gen-binding fragment thereof, that binds to an aminophos- 
pholipid in the absence of serum and serum proteins; wherein 
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saidat least a first anti-viral agent is a nucleoside, a nucleoside 
reverse transcriptase inhibitor, a non-nucleoside reverse tran- 
scriptase inhibitor or a protease inhibitor. 

97. A pharmaceutical composition comprising a pharma- 
ceutically acceptable cater and a therapeutically effective 
amount of an immunoconjugate that comprises at least a first 
anti-viral agent operatively attached to an antibody, or anti- 
gen-binding fragment thereof, that binds to an aminophos- 
pholipid in the absence of serum and serum proteins; wherein 
saidat least a first anti-viral agent is a nucleoside, a nucleoside 
reverse transcriptase inhibitor, a non-nucleoside reverse tran- 
scriptase inhibitor or a protease inhibitor. 

98. The pharmaceutical composition of claim 97, wherein 
said antibody is a human, humanized, part-human, chimeric, 
bispecific, recombinant or engineered antibody, or an anti- 
gen-binding fragment thereof. 

99. The pharmaceutical composition of claim 97, wherein 
said antibody, or antigen-binding fragment thereof, is opera- 
tively attached to said at least a first anti-viral agent via a 
biologically releasable bond or selectively cleavable linker. 

100. The pharmaceutical composition of claim 97, wherein 
said pharmaceutical composition is formulated for intrave- 
nous administration. 

101. The pharmaceutical composition of claim 97, wherein 
said pharmaceutical composition is formulated for adminis- 
tration as an aerosol. 

102. A composition comprising a first anti-viral agent, 
wherein said first anti-viral agent is an anti-viral immunocon- 
jugate comprising one or more anti-viral drugs operatively 
attached to an antibody, or antigen-binding fragment thereof, 
that binds to an aminophospholipid in the absence of serum 
and serum proteins; and at least a second anti-viral agent; 
wherein said one or more anti-viral drugs or said second 
anti-viral agent are selected from the group consisting of a 
nucleoside, a nucleoside reverse transcriptase inhibitor, a 
non-nucleoside reverse transcriptase inhibitor and a protease 
inhibitor. 

103. The composition of claim 102, wherein said compo- 
sition is a pharmaceutical composition. 

104. A pharmaceutical composition comprising a thera- 
peutically effective amount of a first anti-viral agent, wherein 
said first anti-viral agent is an anti-viral immunoconjugate 
comprising one or more anti -viral drugs operatively attached 
to an antibody, or antigen-binding fragment thereof, that 
binds to an aminophospholipid in the absence of serum and 
serum proteins; in combination with a therapeutically effec- 
tive amount of at least a second anti-viral agent; wherein said 
one or more anti-viral drugs or said second anti-viral agent are 
selected from the group consisting of a nucleoside, a nucleo- 
side reverse transcriptase inhibitor, a non-nucleoside reverse 
transcriptase inhibitor and a protease inhibitor. 

105. A kit comprising, in at least a first container, at least a 
first anti-viral agent, wherein said first anti-viral agent is an 
anti-viral immunoconjugate comprising one or more anti- 
viral drugs operatively attached to an antibody, or antigen- 
binding fragment thereof, that binds to an aminophospholipid 
in the absence of serum and serum proteins; and at least a 
second anti -viral agent; wherein said one or more anti-viral 
drugs or said second anti-viral agent are selected from the 
group consisting of a nucleoside, a nucleoside reverse tran- 
scriptase inhibitor, a non-nucleoside reverse transcriptase 
inhibitor and a protease inhibitor. 

106. The kit of claim 105, wherein said antibody is a 
human, humanized, part-human, chimeric, bispecific, recom- 
binant or engineered antibody, or an antigen-binding frag- 
ment thereof 
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107. The kit of claim 105, wherein said antibody, or anti- lipid and does not require serum or a serum protein to bind to 
gen-binding fragment thereof, is operatively attached to said said aminophospholipid; wherein said at least a first anti-viral 
one or more anti-viral drugs via a biologically releasable agent is a nucleoside, a nucleoside reverse transcriptase 
bond or selectively cleavable linker. inhibitor, a non-nucleoside reverse transcriptase inhibitor or a 

108. The kit of claim 105, wherein said one or more anti- 5 protease inhibitor. 

viral drugs or said second anti-viral agent are selected from 116. A composition comprising a first anti-viral agent, 

the group consisting of a nucleoside, a nucleoside reverse wherein said first anti-viral agent is an anti-viral iinmunocon- 

transcriptase inhibitor and a non-nucleoside reverse tran- jugate comprising one or more anti-viral drugs operatively 

scriptase inhibitor. attached to an antibody, or antigen-binding fragment thereof, 

109. The kit of claim 105, wherein at least one of said first 10 that binds to an aminophospholipid and does not require 
anti-viral agent or said second, distinct anti-viral agent is serum or a serum protein to bind to said aminophospholipid; 
formulated for intravenous administration. and at least a second anti-viral agent; wherein said one or 

110. The kit of claim 105, wherein at least one of said first more anti-viral drugs or said second anti-viral agent are 
anti-viral agent or said second, distinct anti-viral agent is selected from the group consisting of a nucleoside, a nucleo- 
formulated for administration as an aerosol. 15 side reverse transcriptase inhibitor, a non-nucleoside reverse 

111. The kit of claim 105, wherein said first anti-viral agent transcriptase inhibitor and a protease inhibitor. 

and said second, distinct anti -viral agent are comprised within 117. A pharmaceutical composition comprising a thera- 

a single container. peutically effective amount of a first anti-viral agent, wherein 

112. The kit of claim 105, wherein said first anti-viral agent said first anti-viral agent is an anti-viral immunoconjugate 
and said second, distinct anti -viral agent are comprised within 20 comprising one or more anti-viral drugs operatively attached 
distinct containers. to an antibody, or antigen-binding fragment thereof, that 

113. An immunoconjugate comprising at least a first anti- binds to an aminophospholipid and does notrequire serum or 
viral agent operatively attached to an antibody, or antigen- a serum protein to bind to said aminophospholipid; in corn- 
binding fragment thereof, that binds to an aminophospholipid bination with a therapeutically effective amount of at least a 
and does not require serum or a serum protein to bind to said 25 second anti-viral agent; wherein said one or more anti-viral 
aminophospholipid; wherein said at least a first anti-viral drugs or said second anti-viral agent are selected from the 
agent is a nucleoside, a nucleoside reverse transcriptase group consisting of a nucleoside, a nucleoside reverse tran- 
inhibitor, a non-nucleoside reverse transcriptase inhibitor or a scriptase inhibitor, a non-nucleoside reverse transcriptase 
protease inhibitor. inhibitor and a protease inhibitor. 

114. A composition comprising a biologically effective 30 118. A kit comprising, in at least a first container, at least a 
amount of an immunoconjugate that comprises at least a first first anti-viral agent, wherein said first anti-viral agent is an 
anti-viral agent operatively attached to an antibody, or anti- anti-viral immunoconjugate comprising one or more anti- 
gen-binding fragment thereof, that binds to an aminophos- viral drugs operatively attached to an antibody, or antigen- 
pholipid and does not require serum or a serum protein to bind binding fragment thereof, that binds to an aminophospholipid 
to said aminophospholipid; wherein said at least a first anti- 35 and does not require serum or a serum protein to bind to said 
viral agent is a nucleoside, a nucleoside reverse transcriptase aminophospholipid; and at least a second anti-viral agent; 
inhibitor, a non-nucleoside reverse transcriptase inhibitor or a wherein said one or more anti -viral drugs or said second 
protease inhibitor. anti-viral agent are selected from the group consisting of a 

115. A pharmaceutical composition comprising a pharma- nucleoside, a nucleoside reverse transcriptase inhibitor, a 
ceutically acceptable carrier and a therapeutically effective 40 non-nucleoside reverse transcriptase inhibitor and a protease 
amount of an immunoconjugate that comprises at least a first inhibitor. 

anti-viral agent operatively attached to an antibody, or anti- 
gen-binding fragment thereof that binds to an aminophospho- ***** 
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ABSTRACT 



Aebersold, et al., "Equipping Scientists for the New Biology", Nature 
Biotechnology, 18:359, 2000. 



The present invention provides a new and improved method 
for reducing the complexity of a proteomic sample, and pref- 
erably also for allowing identification of proteins in the 
sample. In one aspect, the invention provides a highly effi- 
cient method for identifying proteins in a proteomic sample 
by characterizing a single N-terminal peptide per protein. In 
another aspect, the invention provides a method for identify- 
ing proteins in a proteomic sample by characterizing a single 
C-terminal peptide per protein. In another aspect, the present 
invention provides a method for quantitative determination of 
differential protein expression and/or modification in differ- 
ent samples. In another aspect, the invention relates to kits 
useful for conveniently performing a method in accordance 
with the invention. 

33 Claims, 1 Drawing Sheet 
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N-terminal peptides may be lyophilized (e.g., on speedvac). 
Alternatively, the fractions may be concentrated on a reverse- 
phase chromatography column. The peptide residue is ana- 
lyzed by LC/MS. The peptides are fragmented and their MS 
fragmentation patterns are used to screen available databases 5 
to determine the amino acid sequence of the terminal pep- 
tides . The amino acid sequence information may then be used 
to screen protein databases to identify the parent proteins 
from which the terminal peptides may be derived. 

3. Comparative Differential Protein Expression in Two 10 
Proteomic Samples Using the Inventive N-terminal Peptide 
Selection Approach — Differential Isotopic Labeling Prior to 
Protein Enzymatic Cleavage. 

In a exemplary embodiment, protein samples are obtained 
from two cell states (e.g., diseased vs. normal cell or stressed 15 
vs. normal cell). Each sample is treated with 100-1000 molar 
excess of O-methylisourea in H 2 0 at pH 9, 50° C. for 2 hours, 
thereby selectively protecting the protein lysine residues and 
producing two trypsin cleavable protein mixtures (the reac- 
tion mixture may be adjusted to pH 9 by addition of ammo- 20 
nium hydroxide). In one sample, protein N-termini are pro- 
tected with acetic anhydride-d(O) ( alternatively BOC-ON- 
(dO) can be used) under suitable conditions. In the second 
sample, protein N-termini are protected with BOC-ON-(d9) 
under suitable conditions. For example, suitable reaction con- 25 
ditions for protection of the protein N-terminal free amino 
groups in each sample include reacting with an excess acetic 
anhydride-d(0) or -d(6) (e.g., 10-100 molar excess) in H 2 0 at 
pH 9, 50° C. for 2 hours. The resulting samples are combined, 
and the combined sample is then subjected to trypsin diges- 30 
tion (e.g., reaction with a trypsin solution buffered to pH 7,5 
at 37° C. for 15 hours). The resulting peptide mixture is then 
exposed to a DITC-modified solid support, thereby effecting 
immobilization of peptides carrying a free and reactive N-ter- 
minal on the solid surface. After sufficient washing of the 35 
DITC-modified surface with a suitable solvent (e.g., H 2 0/ 
AcCN/AcOH v/v 50/50/0.2), the desired differentially isoto- 
pically labeled N-lerminal peptides are collected in the 
washes. If desired, The solvent fractions containing the 
desired N-terminal peptides may be separately lyophilized; 
e.g., on speedvac (Alternatively, the fractions may be sepa- 
rately concentrated on a reverse-phase chromatography col- 
umn). An aliquot is analyzed by LC/MS and the differential 
amounts of proteins in the original samples can be determined 
by measuring the relative amounts of each differentially iso- 
topically labeled peptide in the mixture. If tandem MS is used, 
the amino acid sequence of each peptide in the mixture can be 
determined, and the identity of the corresponding protein in 
the original samples can be established by database search- 
ing. 

4. Comparative Differential Protein Expression in Two 
Proteomic Samples Using the Inventive N-terminal Peptide 
Selection Approach — Differential Isotopic Labeling After 
Protein Enzymatic Cleavage. 

In a exemplary embodiment, protein samples are obtained 
from two cell states (e.g., diseased vs. normal cell or stressed 
vs. normal cell). Each sample is treated with 300-1000 molar 
excess of O-methylisourea in H 2 0 at pH 9, 50° C. for 2 hours, 
thereby selectively protecting the protein lysine residues and 
producing two trypsin cleavable protein mixtures (the reac- 
tion mixture may be adjusted to pH 9 by addition of ammo- 
nium hydroxide). For each sample, protection of the protein 
N-terminal free amino groups is accomplished by reacting 
with an excess acetic anhydride (e.g., 1 0- 1 00 molar excess) in 
H 2 0 at pH 9, 50° C. for 2 hours. Each sample is then subjected 
to trypsin digestion by reacting each N-terminally protected 
protein mixture with a trypsin solution buffered to pH 7.5 at 
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37° C. for 15 hours, thereby producing two peptide mixtures. 
Each resulting peptide mixture is then separately exposed to 
a DITC-modified solid support, thereby effecting immobili- 
zation of peptides carrying a free and reactive N-terminal on 
the solid surface. After sufficient washing of each DITC- 
modified surface with a suitable solvent (e.g., H 2 0/AcCN/ 
AcOH v/v 50/50/0.2), the desired N-terminally protected 
peptides are collected in the washes, separately for each 
sample. The solvent fractions containing the desired N-ter- 
minal peptides may be separately lyophilized (e.g., on speed- 
vac). Alternatively, the fractions may be separately concen- 
trated on a reverse-phase chromatography column. In one 
sample, the peptide free C-termini are activated with a suit- 
able carbodiimide reagent and subsequently reacted with 
methylamine-(d0). In the second sample, the peptide free 
C-termini are activated with a suitable carbodiimide reagent 
and subsequently reacted with methylamine-(d3). The 
samples are then combined, and the resulting mixture of 
differentially isotopically labeled peptides is analyzed by 
LC/MS. The differential amounts of proteins in the original 
samples can be determined by measuring the relative amounts 
of each differentially isotopically labeled peptide in the mix- 
ture. If tandem MS is used, the amino acid sequence of each 
peptide in the mixture can be determined, and the identity of 
the corresponding protein in the original samples can be 
established by database searching. 

What is claimed is; 

1. A method for identifying proteins in a proteomic sample 
comprising the steps of: 

a. providing a mixture of proteins; 

b. protecting terminal amino or carboxy groups of the 
proteins with a protecting agent; 

c. selectively protecting side chain amino or carboxyl 
groups of the proteins with a second protecting agent; 

d. cleaving the protected proteins with a cleaving agent, 
thereby producing a peptide mixture of: 

(i) terminally protected peptides; and 

(ii) non-terminally protected peptides comprising free 
terminal amino and carboxyl groups corresponding to 
the cleavage sites; 

e. separating the terminally protected peptides from the 
peptide mixture, thereby reducing the sample complex- 
ity to one peptide per sample protein, wherein said sepa- 
rating step e comprises: 

(i) selectively covalently bonding the free terminal 
amino group of the non-terminally protected peptides 
to a solid support, washing said solid support with a 
solvent and collecting those solvent fractions contain- 
ing the terminally protected peptides; or 

(ii) wherein the protecting agent of the terminally pro- 
tected peptides contains a reactive group that can form 
a covalent bond with a solid support, and selectively 
covalently bonding the reactive group of the protect- 
ing agent to a solid support, washing said solid sup- 
port with a solvent and releasing the terminally pro- 
tected peptides from said solid support; and 

f. detecting the terminally protected peptides. 

2. The method of claim 1 wherein the step of detecting uses 
mass spectrometric techniques. 

3. The method of claim 2 wherein the mass spectrometric 
technique is coupled to a separation technique. 

4. The method of claim 3 wherein the separation technique 
is high pressure liquid chromatography (HPLC), gel electro- 
phoresis or capillary electrophoresis (CE). 

5. The method of claim 3 or 4 wherein the mass spectro- 
metric technique is tandem mass spectrometry (MS). 
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6. The method of claim 5 wherein said method comprises b. washing the solid support with a solvent; and 
employing tandem mass spectrometry to produce terminally c. collecting those solvent fractions containing the termi- 
protected peptide MS fragmentationpatterns and said method nally protected peptides. 

further comprises employing terminally protected peptide 21. The method of claim 20 wherein the solid support is not 

MS fragmentation patterns to screen available databases to 5 an affinity label-modified support. 

determine the amino acid sequence of the terminal peptides. 22. The method of claim 20 further comprising a step of 

7. The method of claim 6 wherein the amino acid sequence releasing the covalently bonded non-terminally protected 
of the terminal peptides is used to screen protein databases to peptides from the solid support with a releasing agent, 
identify the parent proteins from which the terminal peptides 23. The method of claim 20 wherein the non-terminally 
may be derived. 10 protected peptides are non-N-lerminally protected peptides, 

8. The method of claim 1 wherein steps b and c are simul- and the solid support comprises reactive groups that can form 



a covalent bond with amine groups. 

9. The method of claim 1 wherein, in the step of cleaving, 24. The method of claim 23 wherein the solid support is a 
the cleaving agent is an enzyme. diisothiocyante (DITC)-modified support. 

10. The method of claim 9 wherein the enzyme is trypsin, is 25. The method of claim 22 wherein the solid support is a 
chymotrypsin, pepsin, papain, proline endopeptidase, staph diisothiocyante (DITC)-modified support and the releasing 
protease, elastase, protease K, protease AspN, protease Lys- agent is an anhydrous strong acid. 

C, protease Arg-C or protease Glu-C. 26. The method of claim 25 wherein the anhydrous strong 

11 . The method of claim 9 wherein the enzyme is trypsin. acid is trifiuoroacetic acid (TFA), hydrochloric acid (HC1), or 

12. The method of claim 1 wherein in the step of cleaving, 20 heptafluorobutanoic acid (HFBA). 

the cleaving agent is a chemical cleaving agent. 27. The method of claim 20 wherein the non-terminally 

13. The method of claim 12 wherein the chemical cleaving protected peptides are non-protected C-terminal peptides, 
agent is cyanogen bromide (CNBr), 2-nitro-5-thiocyanoben- and the solid support comprises reactive groups that can form 
zoic acid, N-bromosuccinamide and other reactive halogen a covalent bond with carboxyl groups. 

compounds, hydroxylamine, 1-2M formic or acetic acid, 25 28. The method of claim 27 wherein the solid support 

periodate oxidation, 2-(2-nitrophenylsulfenyl) -3-methyl-3- reactive groups are amino groups. 

bromoindolenine or oiodosobenzoic acid. 29. The method of claim 27 wherein the step of selectively 

14. The method of claim 1 wherein, in the step of protect- covalently bonding involves activation of the free carboxyl 
ing, the protecting agent comprises a radiolabel, a fluorescent groups with a carbodiimide reagent. 

label, a colorimetric label or an isotopic label. 30 30. The method of claim 20 wherein, in the step of selec- 

15. The method of claim 1 wherein the protecting agent is tively covalently bonding, the free terminal group is 
an amine protecting agent. covalently linked to the solid support indirectly through a 



16. The method of claim 15 wherein the amine protecting 



linker. 



agent is acetic anhydride, which forms an amide moiety upon 31 . The method of claim 30 wherein the linker is a photo- 
reacting with a terminal amino group. 35 chemically, chemically or enzymatically cleavable linker. 

17. The method of claim 15 wherein the protecting agent is - 32 * ^ method of claim 1 wherein the step of separating 
Boc anhydride or a Fmoc reagent, which forms a Boc or Fmoc comprises steps of: 

carbamate moiety upon reacting with a terminal amino group. a - selectively covalently bonding the reactive group of the 

18. The method of claim 15 wherein lysine side chain protecting agent ofthe terminally protected peptides to a 
residues in the proteins are protected with the second protect- 40 solld ^PP 01 ^ 

ing agent * washing the solid support with a solvent; and 

19. Tne method of claim 18 wherein the second protecting c. releasing the terminally protected peptides from thesoiid 
agent is O-methyl-isourea or O-methyl imidazole. support 1 s r . 

20. The method of claim 1 wherein the step of separating . 3 ^ llie met ^ L d °* /aim 32 where ^ * the r f e P of 
comprises steps of 45 tlve y covalentl y fading, the reactive group of the protecting 



a. selectively covalently bonding the free terminal amino 



group of the non-terminally protected peptides to a solid to^S* 1 a linker, 
support; 



agent is covalently linked to the solid support indirectly 



EXHIBIT F 



EXHIBIT F 



iiiniiiiniiiuniiiiiiiHin 

US007384909B2 



(12) United States Patent 

Thorpe et al. 



(54) ANTI-VIRAL TREATMENT METHODS 
USING 

PHOSPHATIDYLETHANOLAMINE-BINDING 
PEPTIDES LINKED TO ANTI-VIRAL 
AGENTS 

(75) Inventors: Philip E. Thorpe, Dallas, TX (US); M. 

Melina Soares, Richardson, TX (US); 
Jin He, Dallas, TX (US) 

(73) Assignee: Board of Regents, The University of 
Texas System, Austin, TX (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 329 days. 

(21) Appl. No.: 10/642,100 

(22) Filed: Aug. 15, 2003 

(65) Prior Publication Data 

US 2005/0025761 Al Feb. 3, 2005 

Related U.S. Application Data 

(63) Continuation-in-part of application No. 10/621,269, 
filed on Jul. 15, 2003. 

(60) Provisional application No. 60/396,263, filed on Jul. 
15, 2002. 



(51) Int.CL 

A61K 38/00 (2006.01) 
A61K 31/00 (2006.01) 

(52) U.S.C1 514/2 

(58) Field of Classification Search 530/350; 

514/2 



See application file for complete search history. 
(56) References Cited 

U.S. PATENT DOCUMENTS 
5,849,706 A 12/1998 Molina y Vedia et ai 514/12 



6,300,308 Bl 10/2001 Schroit 514/8 

6,312,694 Bl* 11/2001 Thoipe et a! 424/178.1 

6,406,693 Bl 6/2002 Thoipe et a! 424/130.1 

6,783,760 Bl 8/2004 Thorpe et a! 424/178.1 

6,806,354 B2 10/2004 Schroit 530/387.1 

6,818,213 Bl 11/2004 Thorpe et al 424/130.1 

7,067,109 Bl 6/2006 Thorpe et al 424/1.49 

2002/0025319 Al 2/2002 Brams 424/178.1 

2003/0004097 Al 1/2003 Schroit 514/7 

2004/0147440 Al 7/2004 Thorpe et al 514/12 

2004/0214764 Al 10/2004 Thorpe et al 514/12 

2005/0059578 Al 3/2005 Thorpe et al 514/8 



FOREIGN PATENT DOCUMENTS 



(io) Patent No.: US 7,384,909 B2 
(45) Date of Patent: Jun. 10, 2008 



WO WO 00/02587 1/2000 

WO WO 00/33888 6/2000 

WO WO 01/03735 1/2001 

WO WO 01/68709 9/2001 

OTHER PUBLICATIONS 

Locarnini et al (J of Gastroenterology and Hepatology, 2004, 
I9:S322-S328).* 

Aggarawa! et al (BMJ, 2004, 329:1080-1086).* 

Borda et al (American J of Pathology, 2004, 165:2111-2122).* 

Gait and Karn (TIBTECH, 1995, 13:430-438).* 

DePalma (New York Academy of Sciences, "Looking inside the 

black box/Biological Pathways and Drug Discovery", 2006, p. 

1-3).* 

Naruse et al, 1989, J Antibiot (Tokyo), 42:837-845* 
Rodriguez et al (P R Health Sci J, 2000, 19:19-27).* 
Peter etal (Pharmaceutical Research, 1998, 15:819-825).* 
Ford et al (J Antimicrobial chemotherapy, 2004, 54:982-990) * 
R&D Systems, p. 1 * 

"Kininogen" Online Medical Dictionary, p. 1 * 
Annexin, On-line Medical Dictionary, p. 1* 
Steadman's Medical Dictionary (p. 1).* 
Sidwell et al (Antiviral Research, 2000, 48:1-16)* 
Balasubramanian and Schroit, "Aminophospholipid Asymmetry: A 
Matter of Life and Death", Amu. Rev. Physiol., 65:701-734, 2003. 
Gaertner and Offord, "Site-Specific Attachment of Functional ized 
Polyethylene glycol) to the Amino Terminus of Proteins", 
Bioconjugaie Chem., 7:38-44, 1996. 

Thorpe et al., "Tumor Infarction: Immunoconjugates that Coagulate 
the Vasculature of Solid Tumors," Proceeding of the American 
Association for Cancer Research, 36:488, Abstract #2910, Mar. 
1995. 

Contractual European Search Report for counterpart PCT Applica- 
tion, PCT/US03/21925, mailed Mar. 31, 2004. 
European Search Report for counterpart European Application No. 
03764600.7, dated Dec. 27, 2004. 

International Search Report for counterpart PCT Application, PCT/ 
US03/21925, mailed Feb. 24, 2005. 

* cited by examiner 

Primary Examiner — Larry Helms 

Assistant Examiner — Laura B Goddard 

(74) Attorney, Agent, or Finn — Shelley P. M. Fussey 

(57) ABSTRACT 

Disclosed are surprising discoveries concerning the role of 
anionic phospholipids and aminophospholipids in tumor 
vasculature and in viral entry and spread, and compositions 
and methods for utilizing these findings in the treatment of 
cancer and viral infections. Also disclosed are advantageous 
antibody, immunoconjugate and duramycin-based composi- 
tions and combinations that bind and inhibit anionic phos- 
pholipids and aminophospholipids, for use in the safe and 
effective treatment of cancer, viral infections and related 
diseases. 



WO WO 00/02584 1/2000 



64 Claims, 53 Drawing Sheets 



US 7,384,909 B2 
229 230 

-continued 



<210> SEQ ID WO 7 

<211> LENGTH: 20 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 7 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 
15 10 15 

Ser Thr Ser Gly 
20 



<210> SEQ ID NO 8 

<211> LENGTH: 15 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 8 

He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser 
15 10 15 



<210> SEQ ID NO 9 
<211> LENGTH: 19 
<212> TYPE: PRT 

<213> ORGANISM: Streptomyces cinnamoneus 
<220> FEATURE: 

<221> NAME/KEY: MISC_PEATURE 

<222> LOCATION: (11) . . (18) 

<223> OTHER INFORMATION : Xaa = Abu 

<400> SEQUENCE: 9 

Ala Lys Gin Ala Ala Ala Phe Gly Pro Phe Xaa Phe Val Ala Asp Gly 
1 5 10 15 

Asn Xaa Lys 



What is claimed is: 

1. A method for inhibiting virus replication, spread or 
ongoing infection of additional cells or tissues, comprising 
contacting a mammalian cell with a phosphatidylethanola- 
mine (PE) binding peptide conjugate, which comprises a 
PE-binding peptide operatively attached to at least a first 
anti-viral agent, in an amount effective to inhibit virus 
replication in said cell or inhibit spread or ongoing infection 
of additional cells or tissues from said cell; wherein said 
PE-binding peptide is a lantibiotic peptide or a kininogen. 

2. The method of claim 1, wherein said PE-binding 
peptide is a lantibiotic peptide. 

3. The method of claim 2, wherein said PE-binding 
peptide is a cinnamycin peptide. 

4. The method of claim 2, wherein said PE-binding 
peptide is a duramycin peptide. 

5. The method of claim 1, wherein said at least a first 
anti-viral agent is a nucleoside. 

6. The method of claim 1, wherein said at least a first 
anti-viral agent is a reverse transcriptase inhibitor. 

7. The method of claim 1, wherein said at least a first 
anti-viral agent is a protease inhibitor. 

8. The method of claim 1, wherein said at least a first 
anti-viral agent is acyclovir, penciclovir (famciclovir), gan- 
cyclovir (ganciclovir), deoxyguanosine, foscarnet, idoxuri- 
dine, trifluorothymidine, vidarabine, sorivudine, zidovudine, 
didanosine, zalcitabine, lamivudine, stavudine, abacavir, 
multinucleoside resistance A, multinucleoside resistance B, 
nevirapine, delavirdine, efavirenz, adefovir dipivoxil, indi- 



navir, ritonavir, saquinavir, nelfinavir, amprenavir, deoxy- 
cytosine triphosphate, lamivudine triphosphate, emticitabine 

40 triphosphate, adefovir diphosphate, penciclovir triphos- 
phate, lobucavir triphosphate, amantadine, rimantadine, zan- 
arnivir or oseltamivir. 

9. The method of claim 1, wherein said at least a first 
anti-viral agent is a AZT or cidofovir. 

45 10. The method of claim 1, wherein said PE-binding 
peptide is operatively attached to said at least a first anti- 
viral agent via a biologically releasable bond or selectively 
cleavable linker. 

11. The method of claim 1, wherein said cell is a human 
50 cell. 

12. The method of claim 1, wherein said cell is infected 
with a hepatitis, influenza, HIV, herpes, paramyxovirus or 
arenavirus. 

55 13. The method of claim 1, wherein said method inhibits 
viral replication. 

14. The method of claim 1, wherein said method inhibits 
viral spread. 

15. The method of claim 1, wherein said cell is located 
60 within a mammal and said PE-binding peptide conjugate is 

administered to said mammal. 

16. The method of claim 15, wherein said mammal is a 
human patient. 

17. A method for treating a mammal with a viral infection, 
65 comprising administering to said mammal a pharmaceutical 

composition comprising a PE-binding peptide conjugate, 
which comprises a PE-binding peptide operatively attached 
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to at least a first anti-viral agent, in an amount effective to 35. The method of claim 32, wherein said at least a first 

inhibit viral replication or spread in said mammal, thereby anti-viral agent is a nucleoside, a reverse transcriptase 

treating said viral infection; wherein said PE-binding pep- inhibitor or a protease inhibitor. 

tide is a lantibiotic peptide or a kininogen. 36. The method of claim 32, wherein said at least a first 

18. The method of claim 17, wherein said pharmaceutical 5 anti-viral agent is AZT, cidofovir, acyclovir, penciclovir 
composition is administered to said mammal intravenously. (famciclovir), gancyclovir (ganciclovir), deoxyguanosine, 

19. The method of claim 17, wherein said pharmaceutical foscarnet, idoxuridine, trifluorothymidine, vidarabine, 
composition is administered to said mammal as an aerosol. sorivudine, zidovudine, didanosine, zalcitabine, lamivudine, 

20. -niemethodofclaiml7.whereinsaidmammalhas,or stav * abacavir > multinucleoside resistance A multi- 
is at risk for developing, hepatitis, influenza, AIDS, viral 10 nucleoside resistance B } nevirapine, delavirdine, efavirenz, 
pneumonia or respiratory disease or Lassa fever. adefovir di P ivoxiI > indinavir, ritonavir, saquinavir, nelfi- 

21. The method of claim 17, wherein at least a second, nav ^ ^enavir, deoxycytosine triphosphate, lamivudine 
distinct anti-viral agent is administered to said mammal. triphosphate, emticitabine triphosphate, adefovir diphos- 

™ ^ -i_ j * i - <m i i . . phate, penciclovir triphosphate, lobucavir tnphosphate, 

22 The method of claim 21 wherein said at least a j$ J^^^,,^ 

second, distinct anti-viral agent is a nucleoside reverse 3? ^ method of ^ ^ 

transcriptase inhibitor, a non-nucleoside reverse tran- ^ ^ tQ pE js tivel attached t0 said at 

scnptase inhibitor or a protease inhibitor. tet a first anti-viral agent via a biologically releasable bond 

23. The method of claim 17, wherem said mammal is a M ^t^y c i eaV able linker. 

human patient. 20 35 xhe method of claim 32, wherein said cell is a human 

24. The method of claim 1, wherein said PE-binding ce ]j 

peptide is a kininogen. 39 ^ met h 0 d of claim 32, wherein said cell is infected 

25. The method of claim 17, wherein said PE-binding with a hepatitis, influenza, HIV, herpes, paramyxovirus or 
peptide is a kininogen. arenavirus. 

26. The method of claim 17, wherein said PE-binding 25 40. The method of claim 32, wherein said method inhibits 
peptide is a lantibiotic peptide. viral replication. 

27. The method of claim 26, wherein said PE-binding 41. The method of claim 32, wherein said method inhibits 
peptide is a cinnamycin peptide. viral spread. 

28. The method of claim 26, wherein said PE-binding 42. The method of claim 32, wherein said cell is located 
peptide is a duramycin peptide. 30 within a mammal and said PE-binding peptide conjugate is 

29. The method of claim 17, wherein said at least a first administered to said mammal. 

anti-viial agent is a nucleoside, a reverse transcriptase 43. The method of claim 42, wherem said mammal is a 

inhibitor or a protease inhibitor. human patient. 

30. The method of claim 17, wherein said at least a first 44. A method for treating a mammal with a viral infection 
anti-viral agent is AZT, cidofovir, acyclovir, penciclovir 35 compnsmg administering tc .said mammal a . phamiaceu ical 
(famciclovif), gancyclovir (ganciclovir), deoxyguanosine, composraon comprising a PE-bindmg peptide conjugate m 
foscarnet, idoxuridine, trifluorothymidine, vidarabine, an amount effe«.ve to iimibit viral replication or spread in 
sorivudine, zidovudine, didanosine, zilcitabine, lamivudine, sa ! d tre3tmg S8 / d Wal ^ 
stavudine, abacavir, multinucleoside resistance A, multi- sald PBfnding peptide conjugate compnses at least a first 
nucleoside resistance B, nevirapine, delaviriine, efavirenz, 40 f ] "™ a ! agent operatively attached to a lantibiotic peptide 
adefovir dipivoxil, indinavir, ritonavir, saquinavir, nelfi- bmds l ° PE orto a kmm0 / en * hat A bmds ™ d 
navir, amprenavir, deoxycytosine triphosphate, lamivudine where ! n sa ' d vlrus » a ™? from ^ Arenavindae, Fla- 
triphosphate, emticitabine triphosphate, adefovir diphos- 7' ridae > He-pesvindae, Orthomyxoviridae Paramyxovin- 

1 v. .1 . „ • * . «. 1 . • * « 1. \ * dae, Poxvindae, Retrovindae or Rnabdovindae tarmlv. 

phate, penciclovir tnphosphate, lobucavir triphosphate, ™ * ! lvt "" vlll T 7 ^ u / y 

. « 1 . . 1* • • 45 45. The method of claim 44, wherein said lantibiotic 

amantadine, rimantadine, zanamivir or oseltamivir. ' " T * . Im 5 . . , 

-»i tu *u a r 1 • iq u ■ -Ann^'A- peptide that bmds to PE is a cinnamycin peptide. 

31 The method of claim 17, wherein said PE-binding 46 ^ method of daim 44 wherdn said lantibiotic 

peptide is operative y attached to said at least a first anti- ^ ^ fainds fo pE ig fl d in ide 

viral agent via a biologically releasable bond or selectively 4? ^ method of daim ^ wherdn said tf Ieast a ^ 

cleavabie linker. 50 gmj.^j a g ent j s a nucleoside, a reverse transcriptase 

32. A method for inhibiting virus replication, spread or inhibitor or a protease inhibitor. 

ongoing infection of additional cells or tissues, comprising 48 met hod of claim 44, wherein said at least a first 

contacting a mammalian cell with a phosphatidylethanola- anti-viral agent is AZT, cidofovir, acyclovir, penciclovir 

mine (PE) binding peptide conjugate in an amount effective (famciclovir), gancyclovir (ganciclovir), deoxyguanosine, 

to inhibit virus replication in said cell or inhibit spread or 55 f oscamet> idoxuridine, trifluorothymidine, vidarabine, 

ongoing infection of additional cells or tissues from said sorivudine, zidovudine, didanosine, zalcitabine, lamivudine, 

cell; wherein said PE-binding peptide conjugate comprises stavudine, abacavir, multinucleoside resistance A, multi- 

at least a first anti-viral agent operatively attached to a nucleoside resistance B, nevirapine, delavirdine, efavirenz, 

lantibiotic peptide that binds to PE or to a kininogen that adefovir dipivoxil, indinavir, ritonavir, saquinavir, nelfi- 

binds to PE; and wherein said virus is a virus from the 6U navir> amprenavir, deoxycytosine triphosphate, lamivudine 

Arenavmdae, Flavivindae, Herpesvindae, Orthomyxovin- triphosphate, emticitabine triphosphate, adefovir diphos- 

dae, Paramyxovindae, Poxvindae, Retrovindae or Rhab- phate; penciclovir triphosphate, lobucavir triphosphate, 

doviridae family. amantadine, rimantadine, zanamivir or oseltamivir. 

33. The method of claim 32, wherein said lantibiotic 49. The method of claim 44, wherein said lantibiotic 
peptide that binds to PE is a cinnamycin peptide. 6 5 peptide that binds to PE is operatively attached to said at 

34. The method of claim 32, wherein said lantibiotic least a first anti-viral agent via a biologically releasable bond 
peptide that binds to PE is a duramycin peptide. or selectively cleavabie linker. 
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50. The method of claim 44, wherein said pharmaceutical 61. The method of claim 60, wherein said virus is a virus 
composition is administered to said mammal intravenously. from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- 

51 . The method of claim 44, wherein said pharmaceutical omyxoviridae, Retroviridae or Rhabdoviridae family, 
composition is administered to said mammal as an aerosol. 62. A method for treating a mammal with a viral infection, 

52. The method of claim 44, wherein said mammal has, or 5 ...... ., . , ' 

is at risk for developing, hepatitis, influenza, AIDS, viral comprising administering to said mammal a pharmaceutical 

pneumonia or respiratory disease or Lassa fever. composition comprising a PE-binding peptide conjugate m 

53. The method of claim 44, wherein at least a second, ™ amount effective to inhibit viral replication or spread in 
distinct anti-viral agent is administered to said mammal, said mammal, thereby treating said viral infection; wherein 

54. The method of claim 53, wherein said at least a 10 said PE-binding peptide conjugate comprises at least a first 
second, distinct anti-viral agent is a nucleoside reverse anti-viral agent operatively attached to a lantibiotic peptide 
transcriptase inhibitor, a non-nucleoside reverse tran- that binds to PE; and wherein said virus is a virus from the 
scriptase inhibitor or a protease inhibitor. Arenaviridae, Flaviviridae, Herpesviridae, Orthomyxoviri- 

55. The method of claim 44, wherein said mammal is a . Retroviridae or Rhabdoviridae family, 
human patient. 15 

56. The method of claim 32, wherein said PE-binding * 3 ' A raethod for inhibitin g virus plication, spread or 
peptide conjugate comprises a kininogen that binds to PE. on S oin g Action of additional cells or tissues, comprising 

57. The method of claim 32, wherein said virus is a virus contacting a mammalian cell with a phosphatidylethanola- 
from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- mine (PE) binding peptide conjugate in an amount effective 
omyxoviridae, Retroviridae or Rhabdoviridae family. 20 to inhibit virus replication in said cell or inhibit spread or 

58. The method of claim 44, wherein said PE-binding ongoing infection of additional cells or tissues from said 
peptide conjugate comprises a kininogen that binds to PE. cell; wherein said PE-binding peptide conjugate comprises 

59. The method of claim 44, wherein said virus is a virus at least a first anti-viral agent operatively attached to a 
from the Arenaviridae, Flaviviridae, Herpesviridae, Orth- lantibiotic peptide that binds to PE; and wherein said virus 
omyxoviridae, Retroviridae or Rhabdoviridae family. 25 is a virus from the Herpesviridae family. 

60. A method for inhibiting virus replication, spread or 64. A method for treating a mammal with a viral infection, 
ongoing infection of additional cells or tissues comprising com rising admin i st ering to said mammal a pharmaceutical 
contacting a mammalian cell with a phosphatidylethanola- sition risi a pE . bindi tide conj te h 
mine (PE) binding peptide conjugate m an amount effective r + / °> U 'w* • i v *• a • 
to inhibit virus plication in said cell or inhibit spread or 30 m ' ™ f^ive to inhibit viral replication i or spread in 
ongoing infection of additional cells or tissues from said swd , ™ al > ^reby treatmg said viral infection; wherein 
cell; wherein said PE-binding peptide conjugate comprises sald VB^wdmg peptide conjugate comprises at least a first 
at least a first anti-viral agent operatively attached to a antl " vlral a 8 ent operatively attached to a lantibiotic peptide 
lantibiotic peptide that binds to PE; and wherein said virus &at bmds t0 ?E > md whereln sald vlrus IS a vlrus 60111 the 
is a virus from the Arenaviridae, Flaviviridae, Herpesviri- 35 Herpesviridae family. 

dae, Orthomyxoviridae, Paramyxoviridae, Poxviridae, Ret- 
roviridae or Rhabdoviridae family. ***** 
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Described herein are protease inhibitors, variants thereof 
and methods for their production. 
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-continued 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: primer 
<400> SEQUENCE: 71 

catgcaagag ctgtatctgc gttgttcagg actggggcca ccaccgctgt ttctgcg 57 



<210> SEQ ID NO 72 
<211> LENGTH: 57 
<2X2> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: primer 
<400> SEQUENCE: 72 



gtgatgtcga cgcagaaaca gcggtggtgg ccccagtcct gaacaacgca gatacag 57 



<210> SEQ ID NO 73 
<211> LENGTH: 29 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: primer 
<400> SEQUENCE: 73 

ggactagtaa gcgcgacgat gagagctct 29 



<210> SEQ ID NO 74 

<211> LENGTH: 29 

<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: primer 

<400> SEQUENCE: 74 

aaggcgcgcc tagttctcct tatcgtcct 29 



<210> SEQ ID NO 75 
<211> LENGTH: 38 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: primer 
<400> SEQUENCE : 75 

ggactagtaa gcgcggcggt ggcgacgatg agagctct 38 



<210> SEQ ID NO 76 

<211> LENGTH: 6 

<212> TYPE: PRT 

<213> ORGANISM: Glycine max 

<400> SEQUENCE: 76 

Asn Val lie Ser Lys Arg 
1 5 



The invention claim is: 

1. A method for producing a protease inhibitor in a 
filamentous fungal cell comprising, 

a) introducing a DNA construct into a filamentous fiingal 
cell, wherein said DNA construct comprises a promoter 
showing transcription activity in the filamentous fungal 
cell and which is operably linked to a heterologous 
DNA sequence encoding a Bowman-Birk Inhibitor 



(BBI) comprising SEQ ID NO: 7 wherein residues 
15-21 and/or 42-47 have been replaced with a variant 
sequence or consisting of SEQ ID NO: 7 

b) culturing the filamentous fungal cell under suitable 
culture conditions to allow expression of the heterolo- 
gous DNA sequence, and 

c) producing the protease inhibitor. 
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2. The method according to claim 1 further comprising 
recovering the protease inhibitor. 

3. The method according to claim 1, wherein the filamen- 
tous fungal cell is selected from an Aspergillus strain, a 
Penicillium strain, a Fusarium strain or a Trichoderma 5 
strain, 

4. The method according to claim 3, wherein the Tricho- 
derma strain is T, reesei. 

5. The method according to claim 3, wherein the Aspergil- 
lus strain is A. niger, A. nidulans, A. awamori or A. oryzea. 10 

6. The method according to claim 1 wherein the protease 
inhibitor is selected from the group consisting of SEQ ID 
NOs, 7 and 15-29. 

7. The method according to claim 1, wherein the DNA 
sequence encoding the protease inhibitor includes codons 15 
that have been optimized for expression in the filamentous 
fungal cell. 

8. The method according to claim 1 further comprising 
introducing a second nucleic acid sequence encoding a 
chaperone into the filamentous fungal cell. 20 

9. The method according to claim 8, wherein the chap- 
erone is pdiA or prpA. 

10. The method according to claim 1, wherein the pro- 
tease inhibitor is expressed as a fusion protein. 

11 . The method according to claim 10, wherein the fusion 25 
protein includes a glucoamylase signal sequence, a glu- 
coamylase catalytic domain, a cleavage site, and the pro- 
tease inhibitor. 

12. The method according to claim 10, wherein the fusion 
protein is processed by a protease to liberate the protease 
inhibitor. 

13 . An isolated polynucleotide encoding a protease inhibi- 
tor selected from the group consisting of polypeptide 
sequences set forth in SEQ ID NOs: 15-29. 

14. An altered wild-type polynucleotide comprising 
codons which have been optimized for expression in a 
filamentous fungal cell encoding a Bowman Birk Inhibitor 
comprising SEQ ID NO: 7 wherein residues 15-21 and/or 
42-47 have been replaced with a variant sequence or con- 
sisting of SEQ ID NO: 7. 

15. An expression vector comprising 
a polynucleotide sequence encoding a Bowman Birk 

Inhibitor comprising SEQ ID NO: 7 wherein residues 
15-21 and/or 42-47 have been replaced with a variant 
sequence or consisting of SEQ ID NO: 7. 

16. The expression vector of claim 15, further comprising 
from the 5* terminus to the 3' terminus, 
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a first nucleic acid sequence encoding a signal peptide 
functional as a secretory sequence in a filamentous 
fungus, 

a second nucleic acid sequence encoding a secreted 

polypeptide or functional portion thereof, 
a third nucleic acid sequence encoding a cleavable linker, 
and 

the DNA sequence which encodes the protease inhibitor. 

17. A host cell transformed with the vector of claim 15. 

18. The host cell of claim 17, wherein said host cell is a 
Triclioderma cell. 

19. The host cell of claim 17, wherein said host cell is an 
Aspergillus cell, 

20. A method for enhancing the expression of a protease 
inhibitor in a filamentous fungal cell comprising 

(a) transforming a filamentous fungal cell with a DNA 
construct which comprises a promoter showing tran- 
scription activity in the filamentous fungal cell and 
which is operably linked to a fusion DNA sequence 
comprising a heterologous DNA sequence encoding a 
Bowman-Birk Inhibitor (BBI) comprising SEQ ID NO: 
7 wherein residues 15-21 and or 42-47 have been 
replaced with a variant sequence or consisting of SEQ 
ID NO: 7, 

(b) transforming the filamentous fungal cell with a poly- 
nucleotide sequence containing a chaperone gene, and 

(c) culturing the filamentous fungal cell under suitable 
culture conditions to allow expression and secretion of 
the heterologous DNA sequence encoding the protease 
inhibitor 

wherein expression of the protease inhibitor is enhanced 
compared to a corresponding filamentous fungal cell trans- 
formed only in accordance with step a). 

21. The method according to claim 20, wherein the 
transformation step a) and the transformation step b) is a 
co-transformation. 

22. The method according to claim 20, wherein the 
transformation step a) and transformation step b) is a 
sequential transformation. 

23. The method according to claim 20, wherein the 
filamentous fungi cell is an Aspergillus cell or a Tricho- 

45 derma cell. 
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[57] ABSTRACT 

The invention includes novel fusion DNA sequences encod- 
ing fusion polypeptides which when expressed in a filamen- 
tous fungus result in increased levels of secretion of the 
desired polypeptide as compared to the expression and 
secretion of such polypeptides from filamentous fungi trans- 
formed with previously used DNA sequences. The fusion 
DNA sequences comprise from the 5' terminus four DNA 
sequences which encode a fusion polypeptide comprising, 
from the amino to carbonyl-teiminus, first, second, third and 
fourth amino acid sequences. The first DNA sequence 
encodes a signal peptide functional as a secretory sequence 
in a first filamentous fungus. The second DNA sequence 
encodes a secreted polypeptide or portion thereof which is 
normally secreted from the same filamentous fungus or a 
second filamentous fungus. The third DNA sequence 
encodes a cleavable linker polypeptide while the fourth 
DNA sequence encodes a desired polypeptide. When the 
fusion DNA sequence is expressed either in the first or 
second filamentous fungus, increased secretion of the 
desired polypeptide is obtained as compared to that which is 
obtained when the desired polypeptide is expressed from 
DNA sequences encoding a fusion polypeptide which does 
not contain the second polypeptide normally secreted from 
either of the filamentous fungi 
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in the art that various modifications may be made to the encodes the prosequence of chymosin and said fourth 

disclosed embodiments, and that such modifications are sequence encodes chymosin. 

intended to be within the scope of the present invention. 11. An expression vector for transforming a host filamen- 

All references are expressly incorporated herein by ref- tous fungus selected from the group consisting of 

erence. 5 Aspergillus, Trichoderma and Neurospora comprising DNA 

What is claimed is: sequences encoding regulatory sequences functionally rec- 

1. A fusion DNA sequence encoding a fusion polypeptide ognized by said host filamentous fungus including promoter 
comprising, from the 5 f end of said fusion DNA sequence, and transcription and translation initiation sequences oper- 
first, second, third and fourth DNA sequences encoding, ably linked to the 5* end of the fusion DNA sequence of 
from the amino- to carboxy-terminus of said fusion 10 claim 1 and transcription stop sequences and polyadenyla- 
polypeptide, corresponding first, second, third and fourth tion sequences operably linked to the 3' end of said fusion 
amino acid sequences, said first DNA sequence encoding a DNA sequence. 

signal peptide functional as a secretory sequence in a first 12. The expression vector of claim 11 wherein said first 

filamentous fungus, said second DNA sequence encoding a and said second DNA sequences encoding respectively said 

mature form of a secreted polypeptide normally secreted is signal peptide and said secreted polypeptide are selected 

from said first or a second filamentous fungus or portion from filamentous fungi of the same genus as said host 

thereof comprising greater than 50% of the amino terminal filamentous fungus. 

sequence of said secreted polypeptide, said third DNA 13. The expression vector of claim 12 wherein said genus 

sequence encoding a cleavable linker polypeptide and said is selected from the group consisting of Aspergillus, 

fourth DNA sequence encoding a desired polypeptide, 20 Trichoderma, and Neurospora. 

wherein said first and said second filamentous fungi are 14. The expression vector of claim 12 wherein said genus 

selected from the group consisting of Aspergillus, Tricho- is Aspergillus. 

derma and Neurospora and the expression of said fusion 15. The expression vector of claim 11 wherein said first 

DNA sequence in said first or said second filamentous and said second DNA sequences encoding respectively said 

fungus results in increased secretion of said desired polypep- 25 signal peptide and said secreted polypeptide are from said 

tide as compared to the secretion of said desired polypeptide host filamentous fungus. 

from said first or said second filamentous fungus when 16. A host filamentous fungus selected from the group 

expressed as a second fusion polypeptide encoded by a consisting of Aspergillus, Trichoderma and Neurospora 

second fusion DNA sequence comprising only said first, comprising any one of the expression vectors of claims 11 

third and fourth DNA sequences. 30 through 15. 

2. The fusion DNA sequence of claim 1 wherein said first 17. A fusion polypeptide comprising, from the amino-to 
DNA sequence encodes a signal peptide or portion thereof carboxy-tenninus, first, second, third and fourth amino acid 
selected from the group consisting of signal peptides from sequences, said first amino acid sequence corrn>rising a 
glucoamylase, oc-amylase, and aspartyl protease from signal peptide functional as a secretory sequence in a first 
Aspergillus spp., signal peptides from bovine chymosin and 35 filamentous fungus, said second amino acid sequence corn- 
human tissue plasminogen activator and signal peptides prising a mature form of a secreted polypeptide normally 
from Trichoderma cellobiohydrolase I and IL secreted from said first or a second filamentous fungus or 

3. The fusion DNA sequence of claim 1 wherein said first portion thereof comprising greater than 50% of the amino 
DNA sequence encodes the signal peptide from Aspergillus terminal sequence of said secreted polypeptide, said third 
awamori glucoamylase. 40 amino acid sequence comprising a cleavable linker polypep- 

4. The fusion DNA sequence of claim 1 wherein said tide and said fourth amino acid sequence comprising a 
second DNA sequence encodes a secreted polypeptide desired polypeptide, wherein said first and said second 
selected from the group consisting of glucoamylase, filamentous fungi are selected from the group consisting of 
a-amylase, and aspartyl protease from Aspergillus spp. and Aspergillus, Trichoderma and Neurospora and the expres- 
trichoderma cellobiohydrolase I and n. 45 sion of the fusion DNA sequence encoding said fusion 

5. The fusion DNA sequence of claim 1 wherein said polypeptide in said first or said second filamentous fungus 
second DNA sequence encodes glucoamylase from results in increased secretion of said desired polypeptide as 
Aspergillus awamori. compared to the secretion of said desired polypeptide from 

6. The fusion DNA sequence of claim 1 wherein said third said first or said second filamentous fungus when expressed 
DNA sequence encodes a cleavable linker polypeptide 50 from a second fusion DNA sequence encoding a second 
selected from the group consisting of the prosequence from fusion polypeptide comprising said first, third and fourth 
chymosin, Ihe prosequence of subtilisin, ' and sequences amino acid sequences. 

recognized by trypsin factor X c , collagenase, clostripain, 18. The fusion polypeptide of claim 17 wherein said first 

subtilisin and chymosin. amino acid sequence comprises a signal peptide or portion 

7. The DNA sequence of claim 1 wherein said trurd DNA 55 thereof selected from the group consisting of signal peptides 
sequence encodes the prosequence of chymosin or a portion from glucoamylase, a-amylase, and aspartyl protease from 
thereof . Aspergillus spp., signal peptides from bovine chymosin and 

8. The fusion DNA sequence of claim 1 wherein said human tissue plasminogen activator and signal peptides 
fourth DNA sequence encodes a desired polypeptide from Trichoderma cellobiohydrolase I and IL 

selected from the group consisting of enzymes, proteina- 60 19. The fusion polypeptide of claim 17 wherein said first 

ceous hormones and serum proteins. amino acid sequence is the signal peptide from Aspergillus 

9. The fusion DNA sequence of claim 1 wherein said awamori glucoamylase. 

fourth DNA sequence encodes bovine chymosin. 20. The fusion polypeptide of claim 17 wherein said 

10. The fusion DNA sequence of claim 1 wherein said first second amino acid sequence is selected from the group 
DNA sequence encodes the signal peptide from Aspergillus 65 consisting of glucoamylase, a-amylase, and aspartyl pro- 
awamori glucoamylase, said second sequence encodes glu- tease from Aspergillus spp. andTrichoderrrta cellobiohydro- 
coamylase from Aspergillus awamori said third sequence lase I and IL 
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21. The fusion polypeptide of claim 17 wherein said 
second amino acid sequence is glucoamylase Scam Aspergil- 
lus awamori, 

22. The fusion polypeptide of claim 17 wherein said 
cleavable linker polypeptide is selected from the group 
consisting of the prosequence of subtilisin, and sequences 
recognized by trypsin Factor Xa, collagenase, clostripain, 
subtilisin and chymosin. 

23. The fusion polypeptide of claim 17 wherein said third 
amino acid sequence is the prosequence of chymosin. 

24. The fusion polypeptide of claim 17 wherein said 
fourth amino acid sequence is selected from the group 
consisting of enzymes, proteinaceous hormones and serum 
proteins. 

25. The fusion polypeptide of claim 17 wherein said 
fourth amino acid sequence is chymosin. 

26. The fusion polypeptide of claim 17 wherein said first 
amino acid sequence is the signal peptide of A. awamori 
glucoamylase, said second amino acid sequence is glu- 
coamylase from A. awamori said third amino acid sequence 
is the prosequence of chymosin and said fourth amino acid 
sequence is bovine chymosin. 

27. A process for producing a desired polypeptide com- 
prising; 

transforming a host filamentous fungus selected from the 
group consisting of Aspergillus, Trichoderma and Neu- 
rospora with an expression vector containing the vector 
of claim 11 under conditions which permit expression 
of said fusion DNA sequence to cause the secretion of 
the desired polypeptide encoded by said fusion DNA 
sequence. 

28. The fusion DNA of claim 1 wherein said first and said 
second filamentous fungi are from the same genus. 

29. The fusion DNA of claim 28 wherein said genus is 
selected from the group consisting of Aspergillus, 
Trichoderma, and Neurospora. 

30. The fusion DNA of claim 28 wherein said genus 
comprises Aspergillus. 

31. The fusion polypeptide of claim 17 wherein said first 
and said second filamentous fungi are from the same genus. 

32. The fusion polypeptide of claim 31 wherein said 
genus is selected from the group consisting of Aspergillus, 
Trichoderma, and Neurospora. 

33. The fusion polypeptide of claim 31 wherein said 
genus comprises Aspergillus. 

34. The fusion DNA sequence of claim 1 wherein said 
portion comprises greater than 75% of the amino acid 
sequence of said secreted polypeptide. 

35. The fusion DNA of claim 1 wherein said portion 
comprises greater than 90% of the amino acid sequence of 
said secreted polypeptide. 

36. The fusion DNA of claims 1, 34 or 35 wherein said 
portion of said secreted polypeptide is the amino terminal 
portion. 

37. The fusion polypeptide of claim 17 wherein said 
portion comprises greater than 75% of the amino acid 
sequence of said secreted polypeptide. 

38. The fusion polypeptide of claim 17 wherein said 
portion comprises greater than 90% of the amino terminal 
portion of said secreted polypeptide. 

39. The fusion polypeptide of claim 17, 37 or 38 wherein 
said portion of said secreted polypeptide is the amino 
terminal portion. 

40. A fusion DNA sequence encoding a fusion polypep- 
tide comprising, from the 5* end of said fusion DNA 
sequence, first, second, third and fourth DNA sequences 
encoding, from the amino- to carboxy-terminus of said 
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fusion polypeptide, corresponding first, second, third and 
fourth amino acid sequences, wherein 

a) said first DNA sequence encodes a signal peptide 
functional as a secretory sequence in a first filamentous 
fungus; 

b) said second DNA sequence encodes a mature form of 
a secreted polypeptide normally secreted from said first 
or a second filamentous fungus or portion thereof 
comprising greater than 50% of the amino terminal 
sequence of said secreted polypeptide, and is selected 
from the group consisting of glucoamylase, a-amylase 
and aspartyl proteases from Aspergillus awamori, 
Aspergillus niger, and Aspergillus oryzae, cellobiohy- 
drolase I, cellobiohydrolase H, endoglucanase I, and 

15 endoglucanase HI sequences from Trichoderma, and 
glucoamylase sequences from Neurospora and Humi- 
cola; 

c) said third DNA sequence encodes a cleavable linker 
20 polypeptide; and 

d) said fourth DNA sequence encodes a desired polypep- 
tide; 

wherein said first and said second filamentous fungi are 
selected from the group consisting of Aspergillus, Tricho- 

25 derma and Neurospora and the expression of said fusion 
DNA sequence in said first or said second filamentous 
fungus results in increased secretion of said desired polypep- 
tide as compared to the secretion of said desired polypeptide 
from said first or said second filamentous fungus when 

30 expressed as a second fusion polypeptide encoded by a 
second fusion DNA sequence comprising only said first, 
third and fourth DNA sequences. 

41. A fusion DNA sequence according to claim 40 
wherein said first DNA sequence is selected from the group 

35 consisting of glucoamylase, a-amylase and aspartyl pro- 
tease signal sequences horn Aspergillus awamori, Aspergil* 
lus niger, and Aspergillus oryzae> cellobiohydrolase I, cel- 
lobiohydrolase n, endoglucanase I, and endoglucanase III 
signal sequences from Trichoderma, glucoamylase signal 

40 sequences from Neurospora and Humicola, bovine chy- 
mosin signal sequence, human tissue plasminogen activator 
signal sequence, human interferon signal sequence, and 
synthetic consensus eukaryotic signal sequences. 

42. A fusion DNA sequence according to claim 44 herein 
45 said third DNA sequence is selected from the group con- 
sisting of the prosequence of bovine chymosin, the prose- 
quence of subtilisin, the prosequence of human immunode- 
ficiency virus protease, and sequences recognized and 
cleaved by trypsin, Factor Xa, collagenase, clostripin, 

50 subtilisin, chymosin, and yeast KEX2 protease. 

43. A fusion DNA sequence encoding a fusion polypep- 
tide according to claim 42 wherein said desired polypeptide 
is selected from the group consisting of bovine chymosin, 
human tissue plasminogen activator, human growth 

55 hormone, human interferon, human interleuldn, human 
serum albumin. Bacillus a-amylase, Pseudomonas lipase, 
lignin peroxidase and Mn2-Kdependent peroxidase from 
Phanerochaete, Humicola glucoamylase, and Mucor aspar- 
tyl proteases. 

^ 44. A fusion polypeptide comprising, from the amino-to 
carboxy-terminus, first, second, third and fourth amino acid 
sequences, wherein: 

a) said first amino acid sequence comprises a signal 
peptide functional as a secretory sequence in a first 

65 filamentous fungus; 

b) said second amino acid sequence comprises a mature 
form of a secreted polypeptide normally secreted from 
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said first or a second filamentous fungus or portion consisting of glucoamylase, oc-amylase and aspartyl pro- 

thereof comprising greater than 50% of the amino tease signal sequences from Aspergillus awamori, Aspergil- 

terminal sequence of said secreted polypeptide, and is lus niger, and Aspergillus oryzae, ceUobiohydrolase I, cel- 

selected from the group consisting of glucoamylase, lobiohydrolase II, endoglucanase I, and endoglucanase HI 

a-amylase and aspartyl proteases from Aspergillus 5 signal sequences from Trichoderma, glucoamylase signal 

awamori, Aspergillus niger, and Aspergillus oryzae, sequences from Neurospora and Humicola, bovine chy- 

cellobiohydrolase I, ceUobiohydrolase II, endogluca- mosin signal sequence, human tissue plasminogen activator 

nase I, and endoglucanase m sequences from signal sequence, human interferon signal sequence, and 

Trichoderma, and glucoamylase sequences from Neu- synthetic consensus eukaryotic signal sequences, 

rospora and Humicola; 10 46. A fusion polypeptide according to claim 45 wherein 

c) said third amino acid sequence comprises a cleavable said first amino acid sequence is selected from the group 
linker polypeptide; and consisting of the prosequence of bovine chymosin, me 

d) said fourth amino acid sequence comprises a desired prosequence of subtilisin, the prosequence of human immu- 
porypeptide; nodeficiency virus protease, and sequences recognized and 

wherein said first and said second filamentous fungi are 15 c lea ved by trypsin, Factor Xa, collagenase, clostripin, 

selected from the group consisting of Aspergillus, Tricho- subtilisin, chymosin, and yeast KEX2 protease, 

derma and Neurospora and Ihe expression of the fusion 47. A fusion polypeptide according to claim 46 wherein 

DNA sequence encoding said fusion polypeptide in said first said desired polypeptide is selected from the group consist- 

or said second filamentous fungus results in increased secret ing of bovine chymosin, human tissue plasminogen 

tion of said desired polypeptide as compared to the secretion 20 activator, human growth hormone, human interferon, human 

of said desired polypeptide from said first or said second interleukin, human serum albumin, Bacillus oc-amylase, 

filamentous fungus when expressed from a second fusion Pseudomonas lipase, lignin peroxidase and Mn2+- 

DNA sequence encoding a second fusion polypeptide com- dependent peroxidase from Phanerochaete, Humicola 

prising said first, third and fourth amino acid sequences. glucoamylase, and Mucor aspartyl proteases. 

45. A fusion polypeptide according to claim 44 wherein 25 

said first amino acid sequence is selected from the group ***** 
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[57] ABSTRACT 

A recombinant DNA molecule comprising a nucleotide 
sequence which codes for expression of a fusion protein in 
which a foreign protein or peptide is fused with the enzyme 
glutathione-S-transf erase, is disclosed, as well as expression 
vectors or host cells containing such a molecule. Optionally, 
the foreign protein or peptide is fused to the enzyme through 
a cleavable link. Also disclosed is an expression vector 
having inserted therein a nucleotide sequence capable of 
being expressed as the enzyme glutathione-S-transferase 
followed by at least one restriction endonuclease recognition 
site for insertion of a nucleotide sequence capable of being 
expressed as a foreign protein or peptide fused to the 
glutathione-S-transferase. 
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I claim: 

1. A recombinant DNA molecule comprising a nucleotide 25 
sequence which codes for a fusion protein wherein said 
fusion protein comprises glutathione-S-transferase and a 
second protein or peptide fused directly or indirectly with 
the COOH-terminus of glutathione-S-transferase, and 
wherein said fusion protein is capable of binding to glu- 30 
tathione. 

2. The recombinant DNA molecule according to claim 1, 
wherein said glutathione-S-transferase is the 26kDa 
glutathione-S-transferase of Schistosoma japonicum. 

3. The recombinant DNA molecule according to claim 1 35 
wherein said second protein or peptide is fused to said 
glutathione-S-transferase through a cleavable link. 

4. The recombinant DNA molecule according to claim 3, 
wherein said cleavable link is cleavable by a site specific 
protease. 40 

5. The recombinant DNA molecule according to claim 4, 
wherein said clearable link is cleavable by thrombin, blood • 
coagulation factor X a or renin. 

6. The recombinant DNA molecule of claim 1 wherein 
said glutathione-S-transferase is a mammalian glutathione- 45 
S-transferase. 

7. An expression vector comprising the recombinant DNA 
molecule of any one of claims 1, 2-5 and 6. 

8. A host cell comprising the expression vector of claim 

7. - . . ^ 

9. The host cell of claim 8 wherein said host cell is a 
bacterial cell. 

10. The host cell according to claim 9 which is E. coli. 

11. An expression vector comprising, in the 5' to 3' 
direction, a promoter, a nucleotide sequence encoding 55 
glutathione-S-transferase and a nucleotide sequence com- 
prising at least one restriction endonuclease recognition site. 

12. The expression vector according to claim 11, wherein 
said glutathione-S-transferase is the 26kDa glutathione-S- 
transferase of Schistosoma japonicum. 60 

13. The expression vector according to claim 11, which 
comprises a plasmid selected from the group consisting of 
pGEX-1, pSjlO DBamI and pSjlO DBam7Stop7. 

14. An expression vector comprising, in the 5* to 3' 
direction, a promoter, a nucleotide sequence encoding 



glutathione-S-transferase, a nucleotide sequence encoding a 
clearable link and a nucleotide sequence comprising at least 
one restriction endonuclease recognition site. 

15. The expression vector according to claim 14, wherein 
said cleavable link is cleavable by a site specific protease. 

16. The expression vector according to claim 14 which is 
pGEX-2T or pGEX-3X, 

17. The plasmid pGEX-1. 

18. The plasmid pGEX-2T. 

19. The plasmid pGEX-3X. 

20. A method of producing a fusion protein comprising 
glutathione-S-transferase and a second protein or peptide 
fused directly or indirectly with the COOH-terminus of 
glutathione-S-transferase which comprises: 

(a) transforming a host cell with an expression vector 
comprising a promoter operatively linked to a nucle- 
otide sequence which codes for a fusion protein 
wherein said fusion protein comprises glutathione-S- 
transferase and a second protein or peptide fused 
directly or indirectly with the COOH-terminus of 
glutathione-S-transferase and wherein said fusion pro- 
tein is capable of binding to glutathione; 

(b) culturing said host cell under conditions such that said 
fusion protein is expressed in recoverable quantity; 

(c) lysing said host cell; and 

(d) purifying said fusion protein by glutathione-afSnity 
chromatography. 

21. A method of producing a protein or peptide which 
comprises: 

(a) transforming a host cell with an expression vector 
comprising a promoter operatively linked to a nucle- 
otide sequence which codes for a fusion protein 
wherein said fusion protein comprises glutathione-S- 
transferase and a second protein or peptide fused with 
the COOH-terminus of glutathione-S-transferase 
through a cleavable link wherein said fusion protein is 
capable of binding to glutathione; 

(b) culturing said host cell under conditions such that said 
fusion protein is expressed in recoverable quantity; 

(c) lysing said host cell; 

(d) purifying said fusion protein by glutattaone-affimty 
chromatography; 

(e) cleaving said protein or said peptide from said 
glutathione-S-transferase; and 

(f) isolating said protein or said peptide. 

22. A fusion protein comprising glutathione-S-transferase 
and a second protein or peptide fused directly or indirectly 
with the COOH-terminus of said glutathione-S-transferase 
wherein said fusion protein is capable of binding to glu- 
tathione. 

23. A fusion protein comprising from amino to carboxyl 
terminus, glutathione-S-transferase, a cleavable linker and a 
second protein or peptide wherein said fusion protein is 
capable of binding to glutathione. 

24. The fusion protein of claim 23 wherein said cleavable 
linker is cleavable by a site-specific protease. 

25. The fusion protein of claim 24 wherein said protease 
is selected from the group consisting of thrombin, blood 
coagulation Factor Xa and renin. 
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[57] ABSTRACT 
A method is described for the covalent attachment of 
linker groups to specific sites on antibody molecules 
directed against any desired target antigen (tumor, bac- 
terial, fungal, viral, parasitic etc.). These linkers can be 
attached via amide or ester bonds to compounds for 
delivery which contain available amino or hydroxy 
groups (e.g., bioactive agents, cytotoxic agents, dyes, 
fluors, radioactive compounds, etc). In addition the 
linkers can be incorporated into insoluble matrices for 
use in separation schemes which are based upon anti- 
body-antigen interactions. 

The linkers may be designed so that they are susceptible 
to cleavage by any one of the serum complement en- 
zymes. When prepared according to the methods de- 
scribed herein, the resulting modified antibody mole- 
cule retains the ability to bind antigen and to fix serum 
complement. Thus, when administered to a patient the 
antibody conjugate binds to its target in vivo. As a 
result of the subsequent activation of the patient's serum 
complement, the covalently attached compound will be 
specifically cleaved at the target site by the proteolytic 
enzymes of the complement system. 
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human complement to the control curves labeled (b), 

6 4.2 HEMOLYTIC ASSAY FOR COMPLEMENT ( c) and (d) c i ea rly demonstrates the release of free 

FIXATION AMC in the sample containing the specific antibody 
A 200 ul aliquot of a suspension of sheep red blood target and human complement. Thus, curve (b) I which 
cells (Gibco Diagnostics, Madison, Wis.) at an appro*- 5 represents the conjugate incubated with glu aralde- 
ma teS„ce° n S^ of 2X 10* cells^l were mixed with hyde-fixed rat red blood cells and human complement 
M dTSStody conjugate mixture prepared in curve (c) which represents ^the conjugate incubated 
Sectiof 6 3 (approximately 2 ug of protein). After 15 with glutaraldehyde-fixed sheep red blood cells and 
minutes of liring and incubating at 37= C, 100 ul of the curve (d) which represents the conjugate alone demon- 
human serum complement (prepared in Section 6.4.1) 10 strate no release of AMC. 

S the eel s. The extent of complement-mediated cell antigenic site, comprising: administering to an mdivid- 

£ was de ermtaed by spectrophotometries mea- ual an effective amount of a soluble antibody conjugate 

s^r ns hemoglobin released into the supernatant (412 15 comprising an antibody or antibody fragment directed 

surmg nemogiomn reie^cu F ^ antigenic she and attached t0 a n on-cleava- 

The results of this assay demonstrated complete he- ble linker by a covalent bond to an oxidized carbohy- 
molysis and essentially 100% binding of antibody to cell drate moiety of the Fc region of the antibody or ** ,tt- 
Sce For example, addition of distilled water to a body fragment and m which such linker .s covalently 
nellet formed by cen rifuging 200 ul of the sheep red 20 attached or complexed to a compound, the soluble an i- 
Sd S^K^ompfetely lyses the cells' and body conjugate being characterized by (a) substanba^ y 
releases hemoglobin. A 1 :20 dilution of the supernatant the same immuno-specificity as the unconjugated anti- 
of sheep reSod cells which were completely lysed in body or antibody fragment, and (b) aqueous so ubil.ty 
Sited watefhad an O.D. 412 of 0.646 An identical such that the antibody conjugate is smtable for m vivo 
dilution of sheep red blood cells which were lysed by 25 administration. w wi,, the 

the addition of conjugate and complement had an 2. The method according to claim 1 wherein the 
O D.4i20f 0.672. Thus the conjugate retained the ability covalent bond is an im.ne, enamme, hydrazone oxune 
to Wnd antigen and to fix complement. phenylhydrazone, semicarbozone or reduced forms 

thereof. 

6.4.3 NON-HEMOLYTIC ASSAY FOR 30 3 _ xhe method according to claim 1, wherein the 

COMPLEMENT MEDIATED RELEASE OF AMC antibody fragment is selected from the group consisting 
Conditions for the non-hemolytic assay were identi- of Fab fragments, (Fab') 2 fragments and single heavy- 
cal to those above except that glutaraldehyde-fixed light chain pairs. . 
sheep red blood cells (Sigma, St. Louis, Mo.) were used 4. The method according to claim 1, where n the 
in place of normal sheep red blood cells. Glutaralde- 35 antibody or antibody fragment ,s a monoclonal ant,- 
hyde fixed cells do not lyse in the presence of antibody body or monoclonal antibody fragment 
and complement and, therefore, no hemoglobin is re- 5. The method according to claim 1 wherein Jte 
leased Instead, a fluorometric assay is used to demon- antigenic site is a bacterial antigen and the compound is 
strate the release of the AMC. A non-hemolytic system an antibacterial agent. 

s necessary for use in the fluorometric assay, because 40 6. The method according to claim 1, wherm the an i- 
the presence of hemoglobin interferes with fluorescence genie site is a viral antigen and the compound is an 
measurements in this system. Prior to use in the assay, antiviral agent. • . 
SrSed Wood cells were shown to bind both the 7. The method according to claim 1 whenen the 
unmodified antibody and the Antibody-Phenylhydra, antigenic site is a tumor antigen and the compound is an 
zine-Trioeptide-AMC which was prepared in Section 45 antitumor agent. 

aneinpcpuuc^^ y r 8. The method according to claim 7, wherein the 

' The non-hemolytic assay was used to show the spe- antitumor agent is fluorouracil. 
cific complement-mediated release of the AMC from 9. The method according to claim 7, wherein the 
the antibodv conjugate. Similarly to the hemolytic as- antitumor agent is bleomycin. 

say 200 i ui of 1 the ^glu^aldehyde-fixed sheep red blood 50 10. The method according to claim 7, wherein the 

cells at an approximate concentration of 2x10^ antitumor agent is methotrexate. 

cells/ml Z incubated with the Antibody-Phenylhy- 11. The method according to claim 7, wherein the- 

drazide-Trioeptide-AMC conjugate at 37° C. for 15 antitumor agent is adnamyem. 

myites 12 - The method ^cording to claim 7, wherein the 

After centrifuging and resuspension in buffer, 50 ul of 55. antitumor agent is cerubidine. 
the human complement preparation (Section 6.4.1) was 13. The method according to claim 7, wherein the 
added, and the fluorescense at 460 nm monitored, with antitumor agent is valban. 

exchation at 380 nm (Caporale, et al., 1981, J. Immunol. 14. The method according to claim 7, wherem the 
126 1963-65.) as a function of time. As controls, the antitumor agent is alkeran. 

conjugate Twas hicubated with sheep red blood cells 60 15. The method according to claim 1, wherem the 
rne?"preTence of rat red blood cells and human antigenic site is a fungal antigen and the compound is an 
complement (the monoclonal antibody used does not antifungal agent. , 
S toTat red blood cells); and in the absence of both 16. The method according to claim 1 wherem the 
sheep red blood cells and complement (the monoclonal antigenic site is a parasite antigen and the compound is 
antibody used does not bind to rat red blood cells). FIG. 65 an antiparasitic agent. „, W ri n tl* 

7 shows the results of these experiments. A comparison 17. The method according to claim 1 wherem the 
of curve (a) which represents the conjugate incubated antigenic site is a mycoplasmal antigen and the com- 
with glutaraldehyde-fixed sheep red blood cells and pound is an antimycoplasmal agent. 



18. The method according to claim 1 wherein the 
antigenic site is a differentiation or histocompatability 
antigen and the compound is a cytotoxic agent. 

19. The method according to claim 1 wherein the 
compound is a radiopharmaceutical or a heavy metal. 5 

20. The method according to claim 19 wherein heavy 
metal is platinum. 

21. The method according to claim 1, wherein the 
• compound is a toxin or a toxin fragment. 

22. The method according to claim 1, wherein the 10 
compound is a neurotransmitter or hormone. 

23. The method of claim 1 wherein the compound is 
an enzyme or a DNA sequence. 

24. A method for in vivo delivery and release of a 
compound at an antigenic site, comprising: administer- 15 
ing to an individual an effective amount of a soluble 
antibody conjugate comprising an antibody or antibody 
fragment directed against said antigenic site and at- 
tached to a cleavable linker by a covalent bond to an 
oxidized carbohydrate moiety in the Fc region of the 20 
antibody or antibody fragment and in which such linker 

is covalently attached to a compound, the soluble anti- 
body conjugate being characterized by (a) substantially 
the same immunospecificity as the unconjugate anti- 
body or antibody fragment, (b) aqueous solubility such 25 
that the antibody conjugate is suitable for in vivo ad- 
ministration and (c) the linker which is unstable by 
reason of its ability to be cleaved by activated serum 
complement or a serum protease. 

25. The method according to claim 24 wherein the 30 
covalent bond is an imine, enamine, hydrazone, oxime, 
phenylhydrazone, semicarbazone, or reduced forms 
thereof. 

26. The method according to claim 24 wherein the 
antibody fragment is selected from the group consisting 35 
of Fab fragments, (Fab')2 fragments and single heavy- 
light chain pairs. 

27. The method according to claim 24 wherein the 
antibody or antibody fragment is a monoclonal anti- 
body, or monoclonal antibody fragment. 40 

28. The method according to claim 24 wherein the 
linker is cleavable by activated CI. 

29. The method according to claim 24 wherein the 
linker is cleavable by activated C4, 2. 

30. The method according to claim 24 wherein the 45 
linker is cleavable by a serum protease. 

31. The method according to claim 24 wherein the 
antigenic site is a bacterial antigen and the compound is 
an antibacterial agent. 

32. The method according to claim 24 wherein the 50 
antigenic site is a viral antigen and the compound is an 
antiviral agent. 
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33. The method according to claim 24 wherein the 
antigenic site is a tumor antigen and the compound is an 
antitumor agent. 

34. The method according to claim 33 wherein the 
antitumor agent is fluorouracil. 

35. The method according to claim 33 wherein the 
antitumor agent is bleomycin. 

36. The method according to claim 33 wherein the 
antitumor agent is methotrexate. 

37. The method according to claim 33 wherein the 
antitumor agent is adraimycin. 

38. The method according to claim 33 wherein the 
antitumor agent is cerubidine. 

39. The method according to claim 33 wherein the 
antitumor agent is valban. 

40. The method according to claim 33 wherein the 
antitumor agent is alkeran. 

41. The method according to claim 24 wherein the 
antigenic site is a fungal antigen and the compound is an 
antifungal agent. 

42. The method according to claim 24 wherein the 
antigenic site is a parasitic antigen and the compound is 
an antiparasitic agent. 

43. The method according to claim 24 wherein the 
antigenic site is a mycoplasmal antigen and the com- 
pound is an antimycoplasmal agent. 

44. The method according to claim 24 wherein the 
antigenic site is a differentiation or histocompatability 
antigen and the compound is an cytotoxic agent. 

45. The method according to claim 24 wherein the 
compound is an radiopharmaceutical or a heavy metal. 

46. The method according to claim 24 wherein the 
compound is an toxin or a toxin fragment. 

47. The method according to claim 24 wherein the 
compound is a neurotransmitter or hormone. 

48. The method of claim 24 wherein the compound is 
an enzyme or a DNA sequence. 

49. A method for in vivo delivery of a compound at 
an antigenic site, comprising: administering to an indi- 
vidual an effective amount of a soluble antibody conju- 
gate comprising an antibody or antibody fragment di- 
rected against the antigenic site and attached to a cleav- 
able or non-cleavable liner by a covalent bond of an 
oxidized carbohydrate moiety of the Fc region of the 
antibody or of the antibody fragment and in which such 
linker is covalently attached or complexed to a com- 
pound, the soluble antibody conjugate being character- 
ized by (a) substatially the same immunospecificity as 
the unconjugated antibody or antibody fragment, and 
(b) aqueous solubility such that the antibody conjugate 

is suitable for in vivo administration. 

***** 



65 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,671,958 

DATED : June 9, 1987 Page 1 of 3 

INVENTOR(S) : John D. Rodwell, Thomas J. McKearn 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Title page, References cited 
On page 1, correct the Karush publication by deleting 

"Anti-Lactive" and inserting — Anti-Lactose — ; by deleting page 

numbers "2226-2231" and inserting —2226-2232-- . 

On page 1, correct the Hurwitz publication by deleting 
"Dainorubicin" and inserting -Daunorubicin — . 

On page l r correct the Monsigny publication by deleting 
"Drug-Carrier-Counter (PAC Conjugate) " and inserting — Drug-And- 
Carrier (DAC Conjugate) — . 

On page 2, correct the Hobart publication by deleting 
"on , the Molecular Cellular" and inserting — on the Molecular and 
Cellular — - 

On page 2, correct the date of the Leatherbarrow publication 
by deleting "1983" and inserting — 1985—. 

Column 4, line 23 insert a " , " (comma) between "fungi" and 
"bacteria" . 

Table 1 delete "Valban" and insert — Velban — . 
Column 9, line 24 delete "has an hydroxy" and insert 

— has a hydroxy — . 

Column 21, line 59 delete "126 1963-65)" and insert 

— 126:1963-65) — • 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,671,958 

Page 2 of 3 

DATED : June 9, 1987 rct&e 

INVENTOR(S) : John D. Rodwell, Thomas J- McKearn 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 22, line 28 delete "semicarbozone" and insert 

-semicarbazone--. 

Column 22, line 40 delete "wherin" and insert —wherein- 

Column 22, line 4 3 delete "wherien" and insert — wherein 

Column 22, line 57 delete "valban" and insert — velban— 

Column 23, line 24 delete "unconjugate" and insert 

-unconjugated — . 

Column 24, line 11 delete "adraimycin" and insert 

-adriamycin-- . 

Column 24, line 15 delete "valban" and insert ~ velban— 

Column 24, line 29 delete "an" and insert — a — . 

Column 24, line 31 delete "an" and insert --a—. 

Column 24, line 33 delete "an" and insert —a—. 

Column 24, line 43, delete "liner" and insert —linker — . 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,671,958 

DATED : June 9, 1987 Page 3 of 3 

INVENTOR(S) : John. D. Rodwell, Thomas J. McKearn 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 24, line 48 delete "substatially" and insert 
— substantially-- . 



Signed and Sealed this 
Twelfth Day of April, 1988 

Attest: 



Attesting Officer t 



DONALD J. QUIGG 
Commissioner of Patents and Trademarks 



